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Draft Report - Part I 
Dissolved Oxygen Budget for Lake Ogallala 
Introduction 
Lake Ogallala, located below Kingsley Dam which impounds Lake McConaughy in Keith County, 
Nebraska, is a 260-surface hectare lake with an average depth of approximately eight meters. The lake 
provides mUltiple uses including a sport fishery and a hydropower and irrigation regulation basin. Since 
the installation of the hydroelectric generating plant in 1984 (Kingsley Dam was constructed in 1942) 
and the continued eutrophication of Lake McConaughy, dissolved oxygen concentrations have generally 
declined in Lake Ogallala. Hypolimnetic withdrawal from Lake McConaughy results in depressed 
oxygen levels in Lake Ogallala during the mid to latter part of the summer, particularly in certain parts of 
the lake. Thus, the Nebraska Game and Parks Commission, Nebraska Department of Environmental 
Quality, Nebraska Public Power District and Central Nebraska Public Power and Irrigation District have 
sought to devise a compatible management plan to facilitate all major uses of the lake and to comply with 
site specific dissolved oxygen criteria. 
Development of a management plan for Lake Ogallala requires a sufficiently detailed knowledge of water 
flow dynamics in this complex system, as well as an understanding of the major sources and sinks of 
dissolved oxygen in the lake, paJiicularly late in the summer when dead fish have been found in the east 
arm of the lake. In conjunction with a project supported by the NGPC entitled, "Development of a 
Dissolved Oxygen Circulation Model for Lake Ogallala" (results not presented here), the proposed 
project was designed to provide sufficient data to construct a dissolved oxygen budget for the lake to be 
used to assist in accurately predicting the effects of various water release and aeration regimes in a 
spatially explicit manner. The overall aim of the two studies combined has been to provide a clear 
understanding of water mass and dissolved oxygen circulation dynamics in Lake Ogallala under the 
current management scenario, to facilitate knowledge-based decisions on optimal management 
alternatives. 
The specific objectives of this project were to: (1) create a comprehensive model for the dissolved 
oxygen (DO) budget in Lake Ogallala, identifying the major sources and sinks, particularly during the 
critical late summer period; (2) integrate the DO and circulation models to create a dynamic, time-series 
model for the lake (integrating the models will allow us to predict temporal changes in the DO regime 
and create scenarios for other times during the year), and; (3) provide management recommendations 
based on the above findings and model projections. 
The results presented here are based primarily on data collected in August 2000 by a team of 40 
scientists, with representatives from Nebraska Game and Parks Commission, Nebraska Public Power and 
Irrigation District, Central Nebraska Public Power and Irrigation District, Nebraska Department of 
Environmental Quality, and the University of Nebraska (UNL and UNO). The data summary and analysis 
were performed by Reservoir Environmental Management, the primary consultant on this project. The 
results of the modeling component of the project will be presented in Part II of the final report, under the 
direction of co-PIs John Stansbury and David Admiraal (University of Nebraska, Department of Civil 
Engineering). 
Key Findings and Recommendations 
1. Water discharge from Kingsely Dam contains extremely high Immediate Oxygen Demand (IOD) 
during the "critical period" in late summer when dissolved oxygen (DO) levels are at or near zero 
in the hypolimnetic waters draining from Lake McConaughy. Consequently, DO concentrations 
measured at the buoy line do not adequately reflect the impact of these releases, that is, IOD 
significantly reduces the actual DO in the release waters, patiicularly when the releases contain 
DO levels sA mg/L. Sediment Oxygen Demand (SOD) was not excessive in this system during 
the study period. 
2. The fish community in the Lake Ogallala basin is subject to mUltiple stressors during this 
"critical period", including low DO, high sulfides and ammonia, elevated temperature in the 
afternoon, CO2 , and perhaps high Total Dissolved Gas (TDG), including CO2 • Thus, a 
contributing cause of previously observed fish mortality is a combination of stressors from the 
Kingsley discharge rather than low DO alone, as previously envisioned. 
3. Submerged aquatic macrophyte stands contribute to oxygen demand during the night via 
respiration, however this negative impact on DO in Lake Ogallala is essentially offset by the DO 
that they contribute during the daytime (and the habitat that they provide for fish and their prey). 
There is considerably more risk of failure in meeting water quality and fishery objectives by 
managing aquatic macrophytes than in directly addressing the water quality of Kingsley 
discharges. Indeed, if the oxidation oflOD (primarily sulfides) in Lake McConaughy and in 
subsequent releases to Lake Ogallala is not achieved, then there is little probability that any other 
management alternative would improve water quality sufficiently to address current fishery 
problems. 
4. A reservoir aeration system that increase discharge DO levels to about 5-6 mg/L and 
substantially reduces the elevated IOD (primarily sulfides) would eliminate most of the fishery 
water quality problems at present. This is the preferred management alternative based on the 
findings ofthis study. 
5. A key factor contributing to water quality problems in the Keystone Channel is the draw/fill 
operation of Lake Ogallala. Water currents induced by peaking operations have a pronounced 
impact on the nOliheast pOliion of the Keystone basin. Relatedly, the Keystone Diversion Dam 
prevents fish in the NE portion from escaping from the poor water quality in this area. 
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Field Assessment of Water Quality Conditions in Lake Ogallala 
That Impact Fisheries 
August 2000 
Richard J. Ruane 
Reservoir Environmental Management, Inc. 
Chattanooga, TN 
DATA SUMMARY 
The August 29-September 1,2000, study contributed much understanding about the 
system: 
• Defined much of the water currents/movements through the Keystone 
channel system under various operating conditions that occurred during the 
study: 1) when Kingsley starts generating, water moves rapidly down to the 
Keystone outlets, especially the canal outlet, primarily following the dredged 
channels; 2) simultaneously, since the Kingsley discharge is greater than the 
total discharge from Keystone, Lake Ogallala begins to fill and much of the 
Kingsley discharge is distributed all over the Lake Ogallala pool as the 
elevation begins to rise about 3 feet up to elevation ~ 3126 feet msl; 3) 
when Kingsley terminates discharges and the pool level in Lake Ogallala 
begins to drop, water from Nand S Basins drains through Keystone Channel 
along the same channels that Kingsley discharge moved through; 4) also 
during the drain cycle, water drains from areas of Keystone Channel that are 
outside of the main flow channels (i.e., the NE corner of Keystone Channel 
and the cove area that lays to the north of the island at the entrance to 
Keystone Channel); 5) water draining from S Basin does not enter these 
latter areas of Keystone Channel and practically all of this water discharged 
through the canal outlet. The water with the longest residence time in 
Keystone Channel is in the cove that lies north of the island and the NE 
corner of Keystone Channel. 
• Measured water quality (DO demands) in Lake McConaughy, the releases 
from Kingsley, the North and South Basins, and in Keystone channel; the 
DO demands that were measured included IOD, BOD, SOD, and ammonia. 
Other data were collected to allow water quality modeling to determine the 
effects of aquatic plants and surface aeration on DO. IOD concentrations 
were the highest ever recorded for a hydropower project, and the cause of 
the IOD is attributed to hydrogen sulfide, which has the added adverse effect 
of being toxic to fish at low concentrations. 
• Identified probable causes for fish kills in NE part of the Keystone Channel 
and possibly in the cove north of the island: multiple poor water quality 
stressors (especially low DO and sulfides, possibly in combination with 
TDG, ammonia, temperature, and rapid increases in CO2) probably in 
combination with water currents induced by Kingsley generation in a 
confined area (i.e., fish cannot escape downstream due to Keystone dam). 
• Narrowed the list of potential water quality management alternatives to 
consider and provided information on which management alternative is most 
likely to solve the problem. The following items provide a tentative 
assessment of the highest two alternatives, based on the results of the study 
(i.e., without the benefit of water quality modeling): 
1 
1. Aeration of the releases to about 5-6 mg/l, including satisfying the 
lOD, (i.e., by using a reservoir aeration system instead of the Howell-
Bunger valve) is likely to provide water quality conditions that would 
be similar to pre-hydro conditions, except for the accelerated changes 
in pH (especially in the NE area of Keystone Channel) that are 
induced by the Kingsley discharges when the Lake Ogallala pool 
level is increased following non-generation at Kingsley. A 
substantial portion of the cost for the reservoir aeration system would 
be offset by increased revenues from hydropower production due to 
the elimination of the by-pass flows through the Howell-Bunger valve 
(HBV). Eliminating the lOD would substantially reduce, ifnot 
eliminate, hydrogen sulfide in the Kingsley discharges thereby 
reducing probable toxicity to the fish (as well as the odors in Lake 
Ogallala). Hence, a reservoir aeration system would eliminate the 
following water quality concerns for the fishery: low DO, sulfides, 
and TDG. It would also reduce potential toxic effects of ammonia by 
about 50 percent, maybe more. The potential for carbon dioxide 
toxicity may not be reduced; however, ifthis occurs, it could be 
reduced by starting generation at Kingsley earlier in the day during 
critical periods of the year. 
2. Reduction of the standing crop of the aquatic plants could also reduce 
the increases in pH of water in Keystone channel that contribute to 
the potential for carbon dioxide toxicity as the pH is decreased by the 
Kingsley discharges, but this can only be assessed using a water 
quality model and toxicity studies. Reduction of the aquatic plants 
could also reduce the DO demands attributable to respiration and 
organic decomposition associated with the plants; and likewise, this 
DO demand also can only be assessed using a water quality model. 
However, these two issues related to aquatic plants are not as obvious 
and do not appear to be as important as the issues related to the direct 
discharges from Kingsley (i.e., high lOD, sulfides, and, possibly, 
TDG and ammonia). Also, aquatic plants were present in Keystone 
Channel prior to hydropower operations, and there were no apparent 
problems with the fishery at that time. Unfortunately, there are 
insufficient data to assess changes in the aquatic plant standing crop 
over the period of concern; however, such monitoring is expensive 
and plant systems vary due to natural conditions. Management of 
plants is usually for obvious nuisance problems (swimming, water 
intakes, boat access, aesthetics, etc.) that are related to physical 
factors; management of plants to address indirect problems related to 
water quality and fish toxicity (especially a trophy fishery) which deal 
with physical, chemical, and biological factors would be much more 
challenging, complex, costly, and, possibly, untested (Dibble et aI, 
1997). There is considerably more risk of failure in meeting water 
quality and fishery objectives by managing aquatic plants then there 
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is in managing water quality of the Kingsley discharges. Control of 
plants to achieve water quality and fishery objectives would require 
considerable research and study prior to being able to assure that 
water quality and fishery objectives can be achieved (if this is even 
possible) without damaging the fishery. 
• Results from the study include data and information that provide inputs for 
water quality modeling, e.g., met data, water quality constituents that affect 
DO in the Lake Ogallala system, rates of change of pertinent water quality 
constituents, and sediment oxygen demand. 
• Water quality modeling will help by quantifying the role of aquatic plants on 
water quality and fishery concerns as well as the effect ofIOD in the 
discharges from Kingsley on DO in Keystone Channel. 
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Results of the field study conducted AUGUST 29-SEPT. 1,2000 
Operating conditions during the study 
• Stations were established at 20 primary locations throughout the basin (Fig. 
1). . 
• The operating conditions during the study are plotted in Fig 2. 
• The flows at the outlets at Keystone Dam were 1162 cfs at the canal outlet 
and 387 cfs at the river outlet. total average daily flow discharged at 
Keystone: 1549 cfs; 60 % through the HBV and 40 % through the turbine; 
75 % to the canal and 25 % to the river 
• These operating conditions/schedules are typical for the amount of water that 
was being routed through the project at the time of the study. 
• It should be noted that operating conditions vary significantly depending 
primarily on how much daily flow is being routed through the project. For 
example, about 3 weeks before the study more water was being routed 
through the project and Kingsley was operated about 20 hours per day 
instead of 10 hours per day like that during the study. However, it is 
important to note that the Ogallala pool level was dropped about three feet 
daily just as it was dropped during the study. 
• The DO in the releases from Kingsley was maintained at 6 mg/l during the 
course of the study. This target was higher than the normal 4 mg/l operating 
objective because temperature in the releases had risen to greater than 20(?) 
°c. Therefore, DO was higher in Keystone Channel during the course of this 
study than during times when fish kills had been documented in recent years. 
Tabulated results of field data collection and lab analyses 
• The results of field data collections by the Eastern and Western Channel 
Teams are tabulated in the Appendix A. 
• The results of field data collected in the N and S Basins and Lake 
McConaughy are tabulated in the Appendix B. 
• The results of field and lab analyses are available in the Appendices C-O. 
Dye tracer study results 
• Three dye injections were made near Station 1 at the entrance to the 
Keystone Channel under three different operating conditions: 
1. About one hour after generation started at Kingsley when Lake 
Ogallala was at low pool (near elevation 3123 feet msl) and rising 
for another nine hours 
2. About one hour after generation terminated at Kingsley when Lake 
Ogallala was at high pool (near elevation 3126 feet msl) and 
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draining-i.e., water was draining from South and North Basins 
and flowing into Keystone Channel where the dye injection was 
made 
3. About five hours after generation started at Kingsley when Lake 
Ogallala was at mid-pool (near elevation 3125 feet msl) and rising 
for another five hours 
• The dye injections were made to meet the following objectives under the 
operating conditions described above: 
1. To determine how water from Kingsley discharges (during 
generation) and from the Nand S Basins (during the drain cycle in 
Lake Ogallala) traveled through and circulated within Keystone 
Channel 
2. To determine the approximate residence time of water in Keystone 
Channel 
• The results of the dye measurements at the various sampling stations are 
plotted in Fig 3, and travel times from the dye injection point to selected 
areas of Keystone Channel under various operating conditions are 
summarized in Table 1. Figure 3 provides plots of the average 
concentrations of dye regional groups of the buoy sampling stations as well 
as for the main sampling stations (3 and 4.) This figure provides a 
reasonable representation of how dye moved through the channel in response 
to each dye injection. Following is a brief summary of the general dye 
dynamics presented in Figure 3: 
1. Much of the dye after each of the three injections moved rapidly 
down the southern part of the channel to the canal outlet where 
most of the flow from Keystone exited the lake. Before flowing 
down the lower part of the Channel, the dye traveled around the 
north and south sides of the island that is near the entrance to the 
Channel and then joined on the eastern side of the island. In both 
cases, the dye traveled mainly through the channels that were 
dredged in earlier years so that water could move easily down to 
the Keystone outlets. These channels (especially the southern 
channel) can be visually seen in aerial photos (I have one in a file 
that is 3 Mb, but was too large to include with this submittal.) 
2. When dye was injected under the two generation conditions, it also 
moved up into the northern part of the channel, both into the cove 
that is north of the island and into the NE area of Keystone 
Channel. When dye was injected shortly after the drain cycle 
started, none of it appeared to flow up into the northern portion of 
the Channel, although some did follow the dredged channel around 
the north side of the island. The dynamics of the dye movement in 
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the NE part of the Channel is illustrated at individual buoy 
sampling stations in Figure 3D. Only a minor amount of dye 
appeared to show up at the river outlet following the second dye 
injection during the draining cycle. 
• Note the dye dynamics at stations 12B, 15B, 18B, and 21B (these stations 
are in the NE corner of Keystone Channel) in Figure 3D: that's where the 
Kingsley discharges persist the longest. The source of water in the NE 
corner of Keystone Channel is primarily from direct Kingsley discharges 
<Fig 4-dye plots for NE corner.doc>. This dynamic occurs primarily due to 
the "fill/draw" operation of the Ogallala pool-when Lake Ogallala pool is 
low and Kingsley starts generating, water moves down to the Keystone 
outlets, but also starts to fill up Lake Ogallala; this "filling" action results in 
Kingsley discharges traveling throughout Lake Ogallala over a matter of 
hours. lfthe Ogallala pool level was stable, much of the Kingsley discharge 
would pass directly down to the Keystone outlets and water in the Nand S 
basins and in the NE corner of Keystone (and in the "cove" north of the 
island at the entrance to Keystone Channel) would have long, stable 
residence times, (i.e., in the southern part ofthe channel, water doesn't stay 
as long and passes down to the canal and river outlets and is replaced by S 
Basin water 
• The water that drains from Nand S Basins when Kingsley is not generating 
apparently did not enter the NE part of the Keystone Channel (see fig. 4), 
and only a minor amount passed through the river outlet. This can be seen in 
the data in Figure 3 (see dye concentration for Station 3 following the 
second dye injection in Figure 3), and it is illustrated in Figure 4. Hence, it 
is apparent that daily increases in the volume of water (and pool level) in the 
NE corner of Keystone Channel come directly from Kingsley discharges. 
• It is interesting to note in Table 1 and Figure 3D the second dye mass that 
passed stations 12B, 15B, 18B, and 21B over a day after the first dye 
injection. This dye mass likely came from the cove that lies north of the 
island that is at the entrance to Keystone Channel. It can be hypothesized 
that this second dye mass accumulated in the cove when the Lake Ogallala 
pool was being filled the previous day when the dye injection was made. 
The dye mass probably remained in the cove until Kingsley stopped 
generating and the pool level of Lake Ogallala started dropping as it was 
draining. This information could indicate an area where fish might be 
stressed. 
• The longest residence times in Lake Ogallala probably occur in all areas that 
are out of the main channels of flow; i.e., the NE corner of Keystone 
Channel, the N Basin, and the cove that is north of the island that is near the 
entrance to Keystone Channel. 
• Note the dye dynamics at different depths at stations 19 and 20, even though 
water quality did not vary much from top to bottom. A review of this 
information indicates that water currents are complex in the vicinity of the 
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Keystone outlets, but these conditions are likely to be transient and water 
quality is not affected significantly. 
Water quality-field observations in Keystone Channel and at the 
Kingsley buoy line 
• DO, temperature, and pH data were collected by the western and eastern 
channel teams (at the same time the dye data were obtained) as well as by 
the buoy line sampling team. Data also were collected at the canal and river 
outlets using Hydrolabs that were deployed as part of this study and 
CNPPID's continuous DO and temperature monitor. 
• The objectives for collecting these data are as follows: 
• 
• 
• 
1. To measure how DO, temperature, and pH changes in Keystone 
Channel in response to discharges from Kingsley Hydro, drainage 
from S Basin, and photosynthesis/respiration processes in the 
channel 
2. 
,., 
-'. 
4. 
To measure the conditions that fish are exposed to in various areas 
of the channel to determine those areas where fish might be most 
susceptible to acute toxic conditions 
To provide inputs for modeling water quality in the channel as well 
as for gross DO demands across the entire channel system 
To identify apparent patterns of water quality changes in response 
to Kingsley operations 
The DO and T measurements at the buoy line during the periods of Kingsley 
discharges were relatively constant during the course of the study: based on 
the Central water quality monitor at the buoy line, DO was 6 mg/l and 
temperature was 20.1 DC. The periodic measurements made by the buoy line 
team averaged 7.6 mg/l, so there is a discrepancy between the measurements 
from Central and the buoy line team. The data from Central are more 
consistent with the DO measurements made during the study at Station 1, 
and Darrol Eichner measured DO concentrations at the buoy line just prior to 
the study that were consistent with values reported by Central. 
The results of DO, T, and pH measurements in Keystone Channel are plotted 
in figures 5, 6, and 7. These figures are laid out in the same fashion as the 
plots of the dye data in Figure 3. 
There are some general observations that are apparent in these plots: 
1. There are two dominant factors that affect DO, T, and pH in 
Keystone Channel: diurnal variations due to meteorological 
conditions and aquatic plants, and transient variations due to 
Kingsley operations 
2. Diurnal variations in DO, T, and pH due to meteorological 
conditions and aquatic plants are caused by diurnal variations in 
solar radiation and air temperatures. These variations are most 
7 
apparent at monitoring stations in the eastern part of Keystone 
Channel. 
3. Transient variations in DO, T, and pH due to Kingsley discharges 
are caused by the movement of the high flows through Keystone 
Channel. Transient variations are most apparent at stations where 
natural diurnal variations are interrupted in the middle of the day, 
i.e., DO, T, and pH decrease at times of the day when you would 
expect them to follow the normal diurnal pattern caused by met 
conditions and aquatic plants. The patterns at stations where water 
quality deviated from normal diurnal variation were consistent 
with dye observations presented in Figure 3. 
• The transient variations in DO, T, and pH identify the movement of the high 
flow discharges from Kingsley. Examination of any of the plots for DO, T, 
or pH shows the pattern of the effect of the power wave movement through 
the system. Stations in the western part of the channel reflect the arrival of 
the power wave first, stations along the southern part of the channel reflect 
the arrival of the power wave next (notice that you can even see the effects 
of the wave movement as it progresses along the southern part of the 
channel toward the outlets), and stations in the NE corner show the arrival 
of the power wave last. Also, notice that the DO, T, and pH patterns at 
station 18B in the far-most NE corner of the channel may have reflected the 
most "normal appearing" diurnal variation. 
• Stations with the earliest arrival of the wave reflect lower DO conditions, 
but also have lower temperatures 
• Stations 12B and 15B in the NE corner of the channel which experienced 
the arrival of the power wave while DO and pH were high in the normal 
diurnal cycle also experienced the greatest rates of change in DO and pH. 
These rapid changes in DO and pH were likely due to the continuing influx 
of "fresh water" from the Kingsley discharges over the period of generation. 
As shown in the dye plots, it takes about six to ten hours for water to travel 
from Kingsley to these two stations. Water discharged from Kingsley at 
noon would likely arrive at these stations about six p.m. and contain fairly 
high DO and pH levels due to experiencing the effects of photosynthesis; 
however, water discharged after about six p.m. and later would not 
experience significant benefits of photosynthesis. Notice that DO dropped 
to about 4 mg/l at one a.m. after the first day of the study and this 
measurement would have been the first to represent water that may have 
moved from Kingsley to this area of Lake Ogallala with little benefit of 
photosynthesis. Later in the morning, while still before daylight, the DO 
dropped further to about 2 mg/l (for,the mornings of August 30 and 31) at 
station 15B. 
• Another station that experienced a high rate of change in DO and pH was 
8B which was near the entrance to Keystone Channel. This station may 
have been in slow moving water that was more affected by the aquatic 
plants in the surrounding area. 
8 
• It was common for the lowest DO values to drop to between 2 and 3 mg/l at 
monitoring stations in the eastern part of Keystone Channel in the early 
morning hours. If DO in the Kingsley discharges had been at the normal 4 
mg/l instead of the 6 mg/l that occurred during the study, minimum DO 
levels in the eastern part of the channel might have been on the order of 
about 1 mg/llower during the study. Water quality modeling would be 
required to estimate how low the DO might have gotten. 
• The pH drops from> 8.3 to values near 7.5 due to arrival of the power wave 
as well as due to natural respiration associated with the aquatic plants and 
other organic decomposition taking place in the channel. However, it is 
apparent that the power wave plays a significant role in dropping the pH of 
the water at the stations monitored due to the dye tracer that correspondingly 
traveled through the system at the same time. Such pH drops affect water 
quality significantly and could playa role in causing toxicity to fish. pH 
affects the toxicity ofH2S, CO2, and NH3. Rapid drops in pH like those 
measured at some of the locations in Keystone Channel (particularly the 
eastern part of the channel, perhaps more so in the NE corner) can cause the 
toxicity of H2S to increase significantly over a short period of time and CO2 
to increase from essentially near zero to a level that might cause fish to 
"gasp" (i.e., ventilate) in the presence of sulfide. 
• The highest temperature values occurred at stations 12B, 15B, 18B, and 21 B 
and ranged from 22.5 to 23.3 °C. These temperatures occurred at the same 
time that the second dye peaks occurred at these stations and prior to the 
power wave reaching this area each day. It should also be noted that the 
peak temperatures at these stations did not occur at the same time, but 
corresponded to the progression of the dye peak as it moved pass these 
stations. This observation suggests that this warmer water may have moved 
from the cove area that lays to the north of the island at the entrance to 
Keystone Channel. 
• The N Basin may be susceptible to the same dynamics observed at the NE 
corner of Keystone Channel. If fish kills used to occur in N Basin before the 
aeration system was installed, they may have been caused by similar 
dynamics that are occurring in the NE corner of Keystone Channel. It is 
possible that the aeration system is currently alleviating this potential 
problem. The S Basin may not be impacted like the NE corner of the 
Keystone Channel because there is a lot of mixing that is induced by the 
high flows from Kingsley during generation, perhaps shortening the 
residence time in S Basin as well as continually providing "fresh" high DO 
water from Kingsley. 
Water quality-IOD and ammonia toxicity 
• The rOD results in Lake McConaughy and Kingsley discharges are 
presented in Figure 8 and Table 2. The IOD values in Lake McConaughy as 
well as in the Kingsley discharges are the highest reported for a hydropower 
reservoir (Ruane, 1993). The IOD is probably caused by H2S as well as 
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organic decomposition. The estimated amount of lOD that is attributed to 
H2S is about 2-2.5 mg/l, and this amounts to about 1-1.3 mg/l ofH2S. The 
rest of the lOD is attributed to the first days consumption by BOD in the 
water from Kingsley. It should be noted that lOD in Kingsley discharges 
was higher on August 30 compared to the previous and following days, 
indicating that lOD may vary day-to-day. Such variability indicates the 
difficulty for Kingsley to comply with fixed numerical water quality criteria 
for DO in the event that a reservoir aeration system is used; however, this 
short-coming would not impact the fishery measurably. 
• Ammonia-a cursory review of the data collected on ammonia indicates that 
the EPA water quality criteria were not exceeded during the study; however, 
the analysis did not follow the detailed procedure recommended by EPA. It 
would be best if someone actually performed this analysis. Also, ammonia 
levels in Lake McConaughy sometimes are likely to be considerably higher 
than observed during this study based on data reported by Roemer and 
Hoagland (1979) and Taylor and Hams (1981 )-based on their data 
ammonia levels could be on the order of 1.5 mgll which is more consistent 
with the BOD values reported for the bottom of Lake. McConaughy in this 
study. Hence, additional data collection is warranted. 
Model input data collected during the study (i.e., data not lending 
itself to system analysis without using a water quality model) 
• A summary of the changes in chemical parameters as they passed through 
Keystone Channel are in Table 3. This table indicates that the changes in 
ammonia and chlorophyll were greatest, and that the ammonia decrease 
watershed attributed to oxidation as opposed to aquatic plant uptake 
(although phosphorus appeared to decrease 13-14 % in the system, it would 
appear that this decrease is inconsistent with how much total nitrogen was 
used. Nitrogen decrease appeared to be insignificant.) BOD did not change 
appreciably in total mass between inflow and outflow, but BOD was likely 
consumed within Keystone Channel. Some BOD was probably added to the 
water from the aquatic plants, offsetting the amount of BOD that was 
oxidized within the channel. The summary in Table 3 was presented on the 
basis of mean data because there were no significant patterns observed 
between concentrations of these water quality constituents and operations at 
Kingsley or in Lake Ogallala (this info is available in Excel plots if anyone 
desires them.) 
• The data available for modeling were not included in this summary of 
results because the data did not offer anything interesting with out the 
benefit of a model to integrate all the information. Following is a list of 
information that is available for modeling: 
• BOD (must assume that some oxidized in Lake Ogallala/Keystone 
Channel based on BOD rates, therefore some BOD had to be 
satisfied in Keystone Channel) 
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• Ammonia (some oxidized, some used by plants-assume the same 
as nitrate) 
• TP, TN, Nitrate 
• Chlorophyll 
• SOD (SOD was not excessive compared to other systems) 
APPARENT WATER QUALITY ISSUES AFFECTING FISH IN 
KEYSTONE CHANNEL 
The following observations can be made based on the results discussed above, without 
the benefit of modeling. 
• rOD-the Kingsley discharges contain a high rOD, which means that the 
measured DO in the discharge (i.e., monitored at the buoy line) does not 
adequately reflect the potential impact of the releases from Kingsley Hydro 
on Keystone Channel. rOD significantly decreases the effective DO in the 
water discharged from Kingsley, especially when discharge DO is 4 mg/l 
• Fish avoid poor water quality conditions when constituents like low DO, 
sulfides, TDG, and ammonia are involved. Under current conditions, the 
results of the study indicate that fish avoidance is likely to occur as follows 
in the Keystone Channel: 
1. As generation begins (i.e., in the first 4-6 hours), fish in Keystone 
Channel move to areas where DO is high and sulfides, ammonia, 
and TDG are low-since they are confined to Keystone Channel 
(i.e., they cannot move downstream to the river or canal), they 
move to areas that are not being affected by Kingsley discharge 
(i.e., NE comer of Keystone Channel and the cove area N of the 
island). 
2. Eventually, the water from Kingsley discharge moves into the NE 
comer of Keystone Channel and into the cove N of the island, and 
the fish can no longer avoid the poor water quality conditions. 
3. It would seem that fish in Keystone Channel would rarely move 
into the Nand S Basins during the period of low DO and high 
sulfides in the Kingsley releases due to sulfides and low DO 
entering Keystone Channel continually. 
• Water currents induced by peaking operations cause daily displacement of 
water in the NE part of Keystone channel with slugs of water from Kingsley 
that have high sulfides and rOD (and possibly TDG and ammonia), plus 
causing drops in pH that might be causing sudden CO2 and H2S increases. 
This daily loading of low DO, high rOD, and high sulfides probably happens 
anytime the pool level is increased from elevation 3123 to 3126. This 
dynamic causes water quality throughout the Keystone Channel to change at 
least on a daily basis, which is different than conditions before hydropower 
was implemented. When Lake Ogallala pool levels were stable, water in 
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areas like the NE corner of Keystone Channel were likely to be very stable 
(i.e., in the dead zone for flow patterns) and provided a refuge area for fish 
to escape when poor water quality (i.e., H2S, TDG) moved through the 
system in Keystone Channel. 
• Dissolved oxygen considerations: during the study, the lowest DO levels 
were generally 2.5-3 mg/l; however, the HBV was being operated to provide 
6 mg/l at the buoy line. Although these levels of DO are less than the EPA 
criteria for acute toxicity, no fish kills were observed during the study. The 
levels of DO that might have occurred if the DO target at the buoy line had 
been 4 mg/l can only be determined using a water quality model. However, 
it should be noted that DO levels near 0 mg/l occurred over a large area of 
the northeast corner on August 9,2000, when fish were observed to be 
stressed-dead fish were observed on August 10. DO levels this low are 
usually toxic (Doudoroff and Shumway, 1970) under all conditions. 
• Sulfide toxicity considerations: total sulfide can be estimated to be about 1-
1.3 mg/l in the Kingsley discharge during the study; within about 6 hours 
this decreased to about 0.3-0.5 mg/I, based on the oxidation rate of the lOD; 
about 0.075-0.125 mg/l would have been in the toxic form at pH 7.5; these 
levels of sulfides have been reported to be toxic (EPA, 1986), but exposure 
time is an important consideration; the exposure time in Keystone Chatmel is 
related to the number of hours that Kingsley discharges each day, plus 
consideration for the filling cycle for Lake Ogallala; during the study the 
exposure time of fish to sulfides may have been about 15 to 20 hours per 
day; there was likely no acclimation to sulfides by the fish due to the 
sulfide's variability day-to-day ... during the study, sulfide from the previous 
day probably oxidized before "new" sulfides were discharged the next day 
and, in addition, the pH in the water 'at mid-afternoon in the eastern part of 
Keystone Channel was sufficiently high that only about 2 % of any 
remaining sulfide was in the toxic form; toxicity under these conditions is 
very site-specific, especially considering the day-to-day and inter-day 
cyclical nature of the variation in sulfide. Other factors to consider include 
1) the effect of CO2 cycling and its effect on ventilation of the fish in the 
midst of sulfides showing up at the same time; 2) the chronic effects of this 
kind of exposure of the fish on a daily basis over a period of more than 30 
days; 3) the presence of other potential toxicants like low DO, elevated 
levels ofTDG and ammonia; 4) considerations for the cumulative exposure 
of the fish to various poor water quality constituents that do not occur 
simultaneously (e.g., high sulfides and low DO may not occur at the same 
time during their daily cycles, but the fish were exposed to some form of 
poor water quality through out the day-see following discussions.) 
Fmiher literature review and possibly toxicity studies would be needed to 
more fully assess sulfide toxicity in Keystone Channel. 
• Warm temperatures in the northeast corner were not acutely toxic; but, in the 
late afternoon when water quality appeared to be otherwise good, 
temperatures were in the range where the trout do not consume food (Shiao 
et aI, 1993). Hence, warm temperatures apparently provide a potentially 
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significant stress by causing the fish not to consume food during the time of 
day when water quality is otherwise good. 
• TDG may be an issue. Nitrogen supersaturation probably occurs in 
Keystone Channel because aeration using a HBV adds nitrogen as well as 
oxygen to the water. This excess nitrogen combined with DO 
supersaturation caused by the aquatic plants, especially in the NE corner of 
Keystone Channel and perhaps in the cove N of the island, could result in 
levels of TDG that exceed EPA water quality criteria 
• The exact cause for poor fishery quality in Keystone Channel is likely due to 
a combination of water quality stressors that act synergistically, especially in 
combination with low DO-perhaps none of the other water quality 
constituents would by themselves cause fish kills: it appears likely that the 
system taken together with all the potential for toxicity is simply too close to 
the allowable levels and sometimes these "levels" are exceeded and c:mse 
fish to die (especially considering the marginal survival conditions preceding 
"final acutely toxic conditions") or to try to escape the area and leave. A 
system with this many stressors simply needs to be relieved of as many of 
the stressors as possible within reasonable costs. (see EPA D.O. criteria 
document, pp. 5,25) 
WATER QUALITY MANAGEMENT ALTERNATIVES 
The water quality issues on Lake Ogallala are site-specific, and the water quality 
management strategy for Lake Ogallala calls for a site-specific approach, more so than 
for most hydropower projects. The strategy could ultimately require a regulatory 
approach involving FERC and a 401 certificate issued by NE DEP under the Clean Water 
Act. However, it is helpful to identify potential "technical" water quality management 
alternatives to put the situation in better perspective. Sometimes this approach can 
provide sufficient information to identify opportunities for developing win-win strategies 
that might help the fish and allow progress at an accelerated rate, particularly if costs for 
solutions are reasonable and all the water users are not impacted significantly. 
The following discussion provides some conceptual alternatives that have been developed 
based on the results of the August 2000 study as well as experience at other hydropower 
projects. 
Conceptual considerations for aeration of the Kingsley discharges 
• Increase DO to 5-6 mg/l in the discharges plus oxidize sulfides and IOD 
using a reservoir oxygenation system-note that this would be roughly 
equivalent to DO in the original HBV discharges before hydropower 
generation started (note that the original HBV discharges probably had a DO 
of about 8-10 mg/l in August, but they had an IOD of about 3 mg/l (after 
stripping some of the H2S as water passed through the HBV) 
• Net increase in the current DO balance would yield: 3-5 mg/l and 
"eliminate" sulfide toxicity and potential TDG concerns; 
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• Cost would be significantly offset, or possibly completely paid for, by 
increased power generation and revenue, considering total revenue received 
by NPPD (i.e., Central apparently receives only a small portion of the total 
revenue for the hydropower production at Kingsley.) 
• Low DO is the main problem: it affects the fish directly, but it also increases 
the toxic effectiveness of all other toxicants, perhaps especially when 
sulfides and CO2 increase rapidly. 
Considerations for revised generation patterns 
• Increase the minimum operating pool level in Lake Ogallala when the 
poorest water quality occurs in the discharges from Kingsley (i.e., when fish 
kills occur)-The potential for success of this approach could be increased 
by initially filling the pool with all water from Kingsley being discharged 
through the HBV. This would reduce the amount of water that moves into 
the NE corner of Keystone, thereby diluting the current effect of the 
Kingsley discharges; however, this might require off-peak generation which 
would reduce power revenues. A potential concern for discharging more 
water through the HBV could be the release of methane gas (a greenhouse 
gas) to the atmosphere. 
• Increase the percentage of discharge from Kingsley that passes through the 
HBV so that discharge DO is greater, especially for that portion of the 
discharge that reaches the northeast corner in the early morning hours. (See 
note re: CH4 in previous bullet.) 
• These last two operational approaches should be complemented with 
continuous DO meters (that are remotely monitored) located in the northeast 
corner as well as in the cove that lays to the north of the island. 
• Initiate generation earlier in the day-under operating regimes like the one 
we had during the study, this might eliminate rapid increases in CO2, if this 
is a significant factor; however, this might require off-peak generation which 
would reduce power revenues. 
Considerations for dredging 
Dredging of additional areas in Keystone Channel could help by moving more water 
through the NE part of the Keystone basin, but there would be more uncertainty/risk in 
this approach since Keystone Channel is so wide. Moving more water through the NE 
part would reduce flows through other parts of the channel. There is already one area in 
the SW part of the channel (see data for station 8) where DO is very low « 2 mg/L). Ifit 
did help, some supplemental aeration of the Kingsley discharges may still be required. A 
key dominant factor that contributes to the water quality problems in Keystone Channel 
is the fill/draw operation of Lake Ogallala and dredging likely will not address this factor 
significantly. Water quality modeling would be needed to evaluate this alternative. 
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Considerations for removal or reduction of weeds 
Water quality modeling would be needed to evaluate this alternative. However, aquatic 
weeds were in Keystone Channel before hydro operations began and the fishery appeared 
to be outstanding. 
Reduction of the standing crop of the aquatic plants could also reduce the increases in pH 
of water in Keystone channel that contribute to the potential for carbon dioxide toxicity 
as the pH is decreased by the Kingsley discharges, but this can only be assessed using a 
water quality model and toxicity studies. Reduction of the aquatic plants could also 
reduce the DO demands attributable to respiration and organic decomposition associated 
with the plants; and likewise, this DO demand also can only be assessed using a water 
quality model. However, these two issues related to aquatic plants are not as obvious and 
do not appear to be as important as the issues related to the direct discharges from 
Kingsley (i.e., high lOD, sulfides, and, possibly, TDG and ammonia). Also, aquatic 
plants were present in Keystone Channel prior to hydropower operations, and there were 
no apparent problems with the fishery at that time. Unfortunately, there are insufficient 
data to assess changes in the aquatic plant standing crop over the period of concern; 
however, such monitoring is expensive and plant systems vary due to natural conditions. 
Management of plants is usually for obvious nuisance problems (swimming, water 
intakes, boat access, aesthetics, etc.) that are related to physical factors; management of 
plants to address indirect problems related to water quality and fish toxicity (especially a 
trophy fishery) which deal with physical, chemical, and biological factors would be much 
more challenging, complex, costly, and, possibly, untested (Dibble et aI, 1997). There is 
considerably more risk of failure in meeting water quality and fishery objectives by 
managing aquatic plants then there is in managing water quality of the Kingsley 
discharges. Control of plants to achieve water quality and fishery objectives would 
require considerable research and study prior to being able to assure that water quality 
and fishery objectives can be achieved (if this is even possible) without damaging the 
fishery. 
Considerations for pragmatic implementation of a water quality 
management strategy 
The water quality issues that might cause fish toxicity in Keystone Channel are complex. 
There are multiple potential causes for fish kills, and the exact causes and locations of the 
fish kills could be hard to define or control due to the complex flows in this system as 
well as the complex way that Kingsley is operated year-to-year (i.e., those observed 
during the study, but even more those that occur under other operating scenarios that 
have historically occurred); 
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1) The movement of the fish due their tendency to avoid (when they have 
opportunity) the kinds of undesirable water quality observed in Keystone 
Channel; 
2) The variability of water quality in the releases from Kingsley Hydro (i.e., 
how much variability is there in anoxic products-which affect DO 
demands in the Kingsley discharge-from week-to-week and year-to-year 
and at various levels of discharge? Is water quality getting worse or better 
in Lake McConaughy? What's the source(s) of the problem in the 
watershed? In the lake?) Some of this can be addressed using a water 
quality model, but there are insufficient data to assess year-to-year 
variability. Note that IOD was higher on August 30 than on August 29 or 
31, indicating there is day to day variability in 10 D. 
3) The complexity of the toxicity issue when multiple toxicants are involved 
and there are synergistic effects between the toxicants 
4) The sensitivity of the toxic levels of water quality constituents to 
variability in water quality (i.e., when water quality limits are set too close 
the acute toxicity level, normal variability in water quality is likely to 
cause exceedences of the target levels, e.g., a difference of only 0.5 mgll 
in DO can cause toxicity to occur and a drop in pH of only 0.5 units can 
cause toxic sulfides to double in concentration 
5) The variability in the standing crop of the aquatic plants from week-to-
week and year-to-year; 
6) The variability of water quality processes in Keystone Channel beyond 
those documented during this study. 
In essence, a key consideration for improving the fishery in Lake Ogallala is balancing 
the desire for a "fail-safe" solution that would likely take a lot of time and study and 
delay implementation of improvement for the fishery (i.e., the "hard engineering" 
approach) with pragmatic measures that would significantly improve the fishery and may 
even eliminate problems that the fishery has experienced and that can be implemented 
more rapidly with less cost for extensive studies and evaluation of alternatives (i.e., the 
"soft engineering approach.") The latter approach is usually taken in the practice of 
water quality management, and it has always resulted in success where there was 
sufficient information available (i.e., understanding of the dominant processes in the 
system) to make reasonable decisions. A key consideration in this approach is to 
implement only those measures that are certain to improve water quality (i.e., improve 
the fishery in Lake Ogallala) and be part of any ultimate solution that is envisioned. 
It would appear that the only step that would qualify for this criteria would be aeration in 
Lake McConaughy to oxidize IOD/sulfides and increase DO in the Kingsley discharges 
to 5 or 6 mg/I. All other alternatives are less predictable in their potential effects on 
Keystone Channel, and difficult to specify at this stage exactly what measures are needed 
to attain the desired water quality conditions. Also, if oxidation ofIOD/sulfides in Lake 
McConaughy and releases from Kingsley Hydro were not accomplished, there is little 
likelihood that any other alternative would sufficiently help water quality in Keystone 
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Channel (i.e., if the lOD and sulfides were not addressed, then the current problem 
attributed to lOD and sulfides would still persist.) 
This approach can be implemented using an adaptive management process that is 
negotiated between the stakeholders, but it is important to develop a process that is 
practical and not over-weighted with excessive administrative and time-consuming 
procedures. There are some success stories as well as failures that can be reviewed to 
come up with the best adaptive management approach. 
WATER QUALITY MODELING CONSIDERATIONS 
Although field data have revealed a lot of information, there are some questions these 
data cannot address without using a water quality model. Some questions that a model 
cai1 address are as follows: 
• What are the effects of the weeds? What if some of the weeds were 
removed at selected locations? 
• What are the effects of different operations at Kingsley? How did DO and 
other water quality constituents vary under conditions prior to the Aug. 29-
Sept. 1 study? When operations occurred that preceded observed fish kills? 
• What is the effect ofIOD on DO in Keystone Challi1e1? 
• What are the effects of hydropower? Pre- and post-conditions? With and 
without the aquatic plants? 
COMMENTS ABOUT THE EFFECTS OF POWER OPERATIONS 
VS. PRE-HYDRO CONDITIONS 
• Water currents induced by peaking operations cause daily displacement of 
water in the NE part of Keystone challi1el (as well as other areas discussed 
previously) with "fresh water" from Kingsley that has high lOD and 
sulfides, plus cause drops in pH that would cause more rapid CO2 and H2S 
increases than occurred before hydropower operations began-this daily 
loading of low DO, high lOD, high sulfides probably happens anytime the 
pool level is increased from elevation ~3123 to ~3126; Before hydropower 
operations began, lake Ogallala had fairly steady pool levels as well as 
steady discharges from Kingsley-this probably led to the NE corner having 
fairly stable water quality with low sulfides and high DO as well as normal 
patterns of CO2 variation. 
• When all the discharge passed through the HBV prior to hydropower 
operations, greater amounts of sulfides, C02, and methane were released 
from the water that entered Lake Ogallala; but TDG was probably higher 
than under current post-hydro conditions. 
• Pulses of "low" pH in Keystone due.to Kingsley discharges cause faster 
increases in C02 and these faster increases may be impacting the fish, 
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especially when generation starts at about noon after plants have increased 
the pH 
• Current minimum DO in the releases is actually about 1-2 mg!l accounting 
for lOD; prior to hydropower operations, minimum DO was about 5-6 mg!l 
accounting for lOD (assuming that lOD has not increased) (These estimated 
minimum DO levels are based on experience ... modeling will better define 
these minimum DO levels.) 
• Withdrawal zone for water from Lake McConaughy is higher for post-hydro 
conditions, resulting in better water quality (lower lOD and sulfides and CO2 
and TDG) but warmer temperature (but latter may depend on annual 
hydrology and amount of water released from the reservoir (e.g., drawdown 
in dry years). 
PREVIOUS DATA COLLECTED ON WATER QUALITY, FISH, 
AQUATIC PLANTS, AND FOOD ORGANISMS BY NGPC, 
CENTRAL, AND NPPD 
• Now that we understand more about the behavior of the system, it is 
recommended that previous data and information be reviewed in light of 
what we have learned to see if it is consistent with our results and to see if 
the previous data can complement our understanding of the system 
• Needs to be summarized to see how the 2000 results and previous data 
address the objectives (data collected in 1999 and 2000 as well as 
historically on Lake McConaughy and Ogallala)-see info that Darrol sent 
to me, the data Central collected at the 21 stations, etc. 
• This would also help in modeling the system 
• All this information should converge in better understanding of the system 
TESTS TO REDUCE UNCERTAINTY IN THESE FINDINGS 
1. Monitor lOD, sulfide, ammonia, and TDG in Lake McConaughy and the 
discharges from Kingsley for about 12 weeks starting in July (profiles in the lake 
about every 2 weeks and weekly in the discharge from Kingsley. 
2. Operate Kingsley around the clock (for maybe 2-3 days) with no drop in Ogallala 
pool levels and measure water quality in NE area of Keystone channel to see how 
far DO drops compared to "normal operations" and to compare the rate of change 
of pH; use Hydrolabs at selected locations to document 2-3 days before and after 
these special operations. 
3. Operate Kingsley starting earlier in the day (say around 7 or 8 am) and monitor 
pH in the NE area of Keystone to see how much pH drops can be reduced. 
4. To supplement the information in item 2, use cage fish and continuous water 
quality monitors at selected locations (maybe including the dead zone in the cove 
N of the island area) while Kingsley is operated various ways. It would be useful 
to deploy the Hydrolabs all summer at 3-4 key locations where fish are likely to 
be threatened ---maybe some tagged fish with monitors or some fish you can 
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remotely track while using continuous water quality monitors at selected locations 
to see what the fish are exposed to-also some periodic rOD, sulfide, ammonia, 
CO2, and TDG data (every ~ 3 hours); perhaps, conduct a 1-2 day study on 
Keystone Channel in late August to see how these parameters behave. 
5. Other ideas may be suggested by the modeling 
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Fig. 1 Map of sampling stations in Keystone Channel 
Sampling locations in Keystone Channel. The locations with a B following the number of the sampling point were identified by a 
buoy during the study and are the locations of the periodic Central water quality profiles. These sampling points were monitored 
every 2-3 hours over the course ofthe study by the Eastern and Western Channel Teams. The sampling points identified as 1,2, and 3 
were sampled more frequently using Isco automatic samplers and Hydrolab water quality monitors. Station 4 at the canal outlet was 
sampled manually at about 15-minute intervals using 3-point composite samples by a team that maintained Station 3 as well as Station 
4. 
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Figure 4. These plots illustrate locations of dye masses at selected times following the 
dye injections. The top and bottom graphs show the locations of the remaining dye mass 
after dye was injected during generation flows and most of the dye had passed with water 
down through the lower portion of the Keystone Channel and then out the Keystone 
outlets within several hours. These graphs show that water in the NE part of Keystone 
Channel comes directly from generation flows from Kingsley. The middle graph shows 
the location of the remaining dye mass after dye was injected during drainage flows from 
N and S Basins and most of the dye had passed with water down through the lower 
portion of the Keystone Channel and then out the Keystone canal outlet. This graph 
shows that water draining directly from N and S Basins does not enter the NE comer of 
Keystone Channel. 
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Table 1. Time of Travel for Dye Peaks to Selected Areas of Keystone Channel 
38.48 and 78 58,68 and 98 88 
Time Time Time 
Dye Julian Elapsed Elapsed Elapsed 
Dump Time of Time of Hydro Oper. since since since 
# Date Dump Dump Conditions Pool Level Peak dump Cone. Peak dump Cone. Peak dump Cone. 
1 ###### 13:00 36767.542 beginning of near minimum pool, 8/29 13:06 0:06 66.1 8/29 13:44 0:44 17.95 8/29 13:13 0:13 19.5 generation EL 3123 
2 ###### 23:15 36768.969 after generation near full pool, EL 8/31 1:47 2:32 18.35 Insufficient Data 8/31 1:56 2:41 6.91 3125.7 
I I 
-5 hours after start near mid pool, EL 
' 1 3 ###### 
17:22 36769.724 k\ No Datlj' 
of generation 3124.9 
.-
Table 1. Time of Travel for DYE 
108,118,138 and 14B 12B and 15B 168, 178 and 208 
Time Time Time 
Dye Julian Elapsed Elapsed Elapsed 
Dump Time of Time of since since since 
# Date Dump Dump Peak dump Conc. Peak dump Conc. Peak dump Conc. 
1 ###### 13:00 36767.542 8/29 13:39 0:39 25.75 8/29 19:10 6:10 3.85 8/29 16:16 3:16 8.21 
8/30 13:46 24:46 2.19 
2 ###### 23:15 36768.969 8/31 2:22 3:07 46.4 Dye did not enter this area 8/31 7:17 8:02 16.06 
3 ###### 17:22 36769.724- 8/31 20:48 3:26 4.58 9/1 6:28 13:06 1.72 8/31 21:16 3:54 5.65 
Study ended before possible 
second peak 
- -
Table 1. Time of Travel for Dy, 
188 and 218 Station 2 Station 3 Station 4 
Time Time Time Time 
Dye Julian Elapsed Elapsed Elapsed Elapsed 
Dump Time of Time of since since since since 
# Date Dump Dump Peak dump Conc. Peak dump Conc. Peak dump Conc. Peak dump Conc. 
1 ###### 13:00 36767.542 8/29 23:10 10:10 4.4 8/29 14:30 1:30 23.5 8/29 18:52 5:52 10.3 8/29 16:07 3:07 12.3 
8/30 18:30 29:30 1.56 8/29 22:37 9:37 3.93 
2 ###### 23:15 36768.969 Dye did not enter this area 8/31 3:00 3:45 42.3 Dye was not observed 8/31 7:07 7:52 17.1 
3 ###### 17:22 36769.724 9/1 7:06 13:44 1.53 8/31 18:30 1:08 25.4 8/31 23:42 6:20 4.57 8/31 21:15 3:53 5.95 
Study ended before possible 9/1 6:00 12:38 
second peak 
Table 2. Kingsley Discharge 100 
Date Time 6-hr 100 12·hr 100 24-hr 100 
29-Aug 1257 1.6 1.9 2.5 
29-Aug 1549 1.7 1.9 2.4 
29-Aug 1851 1.4 1.7 2.4 
30-Aug 1225 1.9 2.4 2.9 
30-Aug 1507 2.3 2.8 3.3 
3D-Aug 1815 2.0 2.7 3.0 
3i-Aug 1220 1.5 1.9 2.3 
31-Aug 1511 1.5 1.7 2.4 
31-Aug 1815 1.2 1.6 2.6 
average 1.7 2.1 2.6 
average deviation 0.3 0.4 0.3 
stdev 0.3 0.5 0.3 
max 2.3 2.8 3.3 
min 1.2 1.6 2.3 
Table 3 
Summary of Chemical Changes Through Keystone Channel 
River plus Canal Outflows 
Inflow to Keystone from Keystone (Stations 3 
WQ (Station 1) plus 4) % reduction in 
constituent Daily Mass Weighted Daily Mass 
mass throug h 
Loads Avg. Conc. Loads Weighted Avg. 
Keystone 
(Ibs/day) (mg/I) (Ibs/day) Conc. (mgll) 
NHx 3823 0.46 2371 0.28 38.0 
BOD-28 day . 42975 5.16 43539 5.19 -1.3 
Total P 346 0.04 299 0.04 13.6 
NOx 691 0.08 639 0.08 7.5 
Total N 10682 1.28 10614 1.26 0.6 
Chl-a 78 0.009 47 0.006 39.1 
Ene",t~ 1:') 1 \'vatcr qUe lit)' on Us 1. 
APPENDIX A-EFFECTS OF WATER QUALITY ON FISH 
LETHAL LEVELS OF DO TO FISH 
Probably one of the most comprehensive reviews of observations on lethal levels of DO 
was reported by Doudoroff and Shumway (1970). They summarized results of numerous 
studies on a wide range of species dating back to 1937-their summary is in a 16-page 
table. They stated a minimum level of 3 mg/l was in all likelihood adequate to support all 
adult species of fish for "a day or two" if other water quality conditions were acceptable. 
Temperature can be a factor that could cause DO to be lethal at lower levels ifthe 
temperature is "not far below the limits of thermal tolerance of the fish." Rapid increases 
in C02 can also cause the lethal level of DO to be higher. Acclimation of fish to low DO 
levels decreases the lethal level of DO, i.e., they can tolerate lower DO levels if they are 
gradually exposed to low DO levels over about a ten day period-"their tolerance 
threshold can be about half the threshold levels evaluated after acclimation" to near-
saturation DO levels. 
Doudoroff and Shumway (1970) reported that numerous tests showed that 29 species of 
fish were exposed to DO levels well below 3 mg/l for 24 hours without dying while fish 
in other studies survived DO levels of2 and even less than 1 mg/l. Many of the tests 
were conducted for greater than 24 hours and often up to seven days. It is apparent that 
many of these tests were consistent with steady-state conditions often found in 
unregulated rivers downstream from wastewater treatment plants. Normal operations of 
many hydropower projects involve peaking operations that result in unsteady-state flows 
that involve pulsing of river flows that effect water quality. Typical operations may 
involve from several hours per day up to about 12 hours per day. Projects operated with 
sufficiently designed aeration measures would rarely result in DO levels less than 3 mg/l, 
and minimum DO levels are usually transient resulting in low DO for only brief periods, 
on the order of hours. 
Grizzle (1981) reported that several fish species were impacted when they were exposed 
to low DO as well as iron and manganese in the tailwater of Buford Dam (Lake Lanier) 
as well as in a hatchery that used water from the tailwater. Fish in the tailrace and the 
hatchery were most affected when DO was lowest, about 1 mg/l. "Unacclimated brook 
trout had a 50% tolerance level of 1.75 mgll of DO, but after acclimation, 1.05 mg/l was 
estimated to be the lowest concentration in which no significant mortality would occur 
(Shepard, 1955.)" Hydrogen sulfide is also present in the releases from Buford. 
EPA (1986) reported in a DO criteria document the results of additional studies following 
Doudoroff and Shumway (1970) and concluded the following: "If the period of exposure 
to low DO is limited to less than 3.5 days, DO levels of 3 mg/l or higher should produce 
no direct mortality of salmonids." There are not as much data on the effects of lethal 
levels of DO on non-salmonids, but EPA stated that 3 mg/l should be sufficient to avoid 
fish kills unless this level of DO persists for an extended period of time, greater than a 
"few hours" for some fish but in most cases "24- to 96-hour duration." 
EP A (1986) also discussed the effect of low DO on the toxicity and adverse effects of 
other water quality constituents and characteristics. They addressed the effects of 
temperature, ammonia, sulfides, and various other toxic substances. In general, low DO 
causes increased ventilation rates in fish, and this condition causes these other water 
quality constituents to be toxic at lower concentrations or toxic in less time. The toxic 
level of ammonia appears to be especially sensitive to DO concentration. They reported 
one study on goldfish where sulfide was toxic at levels of 0.05 and 0.07 mg/l at DO 
levels of 1.5 and 6 mg/l, respectively (mean 96-hr LC50 values). The EPA criteria for 
sulfide (as H2S) is 0.002 mg/l for chronic exposure. 
DO LEVELS AFFECTING GROWTH OF FISH 
Basis For Criteria That Allow Variable DO Targets 
Criteria for DO have traditionally been fixed numerical levels, suitable for different 
species of fish for various levels of acceptable impairment; however, in 1986, EPA issued 
revised DO criteria that allow more variability that can provide hydropower projects with 
increased flexibility that allows more reasonable compliance (EPA, 1986). 
The recommended criteria are presented in Table 1. It is important to note the following 
considerations that EPA discussed in deriving the criteria (page numbers indicated in 
some of the items below refer to the EPA criteria document): 
1. They recommended criteria for early life stages and other life stages---instead of 
year-round criteria, they allow different criteria for different times of year, 
depending on the presence of early life stages. 
2. Invertebrates are the reason for a minimum of 4 mg/l for coldwater species; 
however, EPA also referenced Doudoroffand Shumway (1970) and Davis 
(1975a, b) as stating invertebrate species would be adequately protected if fish 
popUlations are protected. Doudoroff and Shumway (1970) were reported to have 
stated that "all invertebrates need not be protected in order to protect the food 
source for fisheries because many invertebrate species, inherently more tolerant 
than fish, would increase in abundance." They also referenced Davis (1975a, b) 
as stating "that the composition of invertebrate communities may shift to more 
tolerant forms selected from the resident community or recruited from outside the 
community." EPA stated that they will "follow the assumption that a DO 
criterion protective offish will be adequate." 
3. On page 23 they state that, "Those sensitive invertebrate species common to swift 
flowing, coldwater streams may require very high concentrations of DO." 
[However, it is important to consider more recent results available from tailwater 
studies conducted by TV A and being analyzed by Angela Bednarek at the 
University of Pennsylvania that benthos numbers have increased downstream 
from TVA dams, some of which discharge water having DO concentrations of 4 
mg/llasting for several months.] 
4. It should be noted that EPA stated that some coolwater species and smallmouth 
bass may be more sensitive to DO than what they recommended for warmwater 
fish. [This is consistent with the results of TVA studies.] 
5. Temperature affects growth rate, so at lower temperatures lower DO levels may 
not significantly affect growth rates; however, effects of low DO become more 
severe at higher temperatures (> than 18 DC for chinook salmon-see tables 2 and 
3, on p. 7 of the EPA criteria document.) 
6. Water current velocity affects the effects of low DO on growth-for example, in 
one case the effect of DO at 3 mg/l reduced growth rates by 20 % in water 
moving 8.5 cm/sec (0.28 fps) and 65 % in water moving 20 cm/sec (0.66 fps). 
7. The effects of day/night and other fluctuations in DO on fish growth were 
discussed (page 24). Several studies reported that the minimum DO values that 
occurred during tests appeared to be more influential on resulting fish growth 
rates than the mean of the DO values during the tests. Other studies were 
consistent with these results but appeared to indicate that minimum DO was less 
important when it was higher. [Several recent studies have differed with these 
findings as discussed below.] 
8. Since DO, temperature, ammonia, fish size, and food supply all affect growth 
rates of fish, it is best to consider all these conditions when regUlating anyone 
condition. EPA stated that an excellent approach for considering all these 
variables is to consider the model developed by Cuenco et al. 1985a, b, c. 
9. "Situations during which attainment of appropriate criteria is most critical include 
periods when attainment of high fish growth rates is a priority, when temperatures 
approach upper-lethal levels, when pollutants are present in near-toxic quantities, 
or when other significant stresses are suspected." (page 28) 
10. The criteria were derived "from production impairment estimates which were in 
tum based primarily upon growth data and information on temperature, disease, 
and pollutant stresses. The average DO concentration values selected were 0.5 
mgil above the slight production impairment values and represent values between 
no production impairment and slight production impairment." Production 
impairment definitions are in Table 2. 
11. EPA assumed that the criteria would be used for worst case water quality 
management conditions (i.e., for wastewater dischargers) and high seasonal 
environmental temperatures. 
12. EPA stated that "Absolutely no anthropogenic DO depression in the potentially 
lethal area below the I-day minima should be allowed unless special care is taken 
to ascertain the tolerance of resident species to low DO." 
13. In calculating exposure levels of fish to DO, supersaturation values should be 
scaled back to saturation concentrations. 
14. EPA stated that "minima lower than acceptable constant exposure levels are 
tolerable so long as 1) the average concentration attained meets or exceeds the 
criterion; 2) the minima are not unduly stressful and clearly are not lethal." 
15. EPA included the daily minima to ensure that no acute mortality of sensitive 
species occurs. "The criteria are designed to prevent significant episodes of 
continuous or regularly recurring exposures to DO at or near the lethal threshold." 
They accomplished this by setting the weekly average criterion. 
16. EPA also stated, "The significance of conditions which fail to meet the 
recommended DO criteria depend largely on five factors: 
• The duration of the event 
• The magnitUde of the DO depression 
• The frequency of recurrence 
• The proportional area of the site failing to meet the criteria 
• The biological significance of the site where the event occurs 
EPA recommended giving less concern to single deviations below the criteria if 
continuous monitoring was employed because there is assurance that only one 
event occurred. 
17. In cases involving manipUlatable discharges where the DO can be manipulated to 
allow the daily minima to occur frequently and this condition can persist greater 
than three weeks, EPA increased the daily minima by 0.5 mg/l for the coldwater 
and warmwater criteria. 
It is clear from the evidence provided in the EPA criteria document that their 
recommendations are protective for aquatic life. It is also clear that the EPA criteria 
provide significant advantages (i.e., allowing greater fluctuations in allowable DO levels) 
for hydropower operations that have difficult challenges for complying consistently with 
relatively high DO targets under all operating conditions. 
Highlights Of 1990 National Workshop 
In 1990, a national workshop was organized by TVA to review the 1986 EPA DO criteria 
and any additional infonnation available as of 1990. Another purpose ofthe meeting was 
to discuss considerations for the implementation of the 1986 EPA criteria. R. J. Ruane 
(TVA) directed the workshop, and Dr. Gary A. Chapman (author of the 1986 EPA 
Criteria Document) led the scientific direction of the workshop. Following are some 
pertinent outcomes of the meeting. 
1. Gary Chapman recommended that the emphasis on implementing water quality 
criteria be applied to stream reaches rather than to single locations of a stream. 
For example, he favors considering the entire tailwater (or at least major segments 
of the tailwater) rather than applying the criteria only at the tailrace. 
2. Chapman also favored site-specific criteria over applying national numerical 
numbers to all waters (State fixed numerical criteria also were implied.) He said 
site-specific criteria were more acceptable and valid due to numerous site-specific 
variables that can compensate for lower levels of particular water quality 
constituents. 
3. Chapman reviewed TVA's fishery results below Norris Dam where minimum DO 
levels of 3 mg/l occasionally occurred, yet the fish condition factors indicated that 
there was no apparent impact to the fishery. Chapman indicated that this kind of 
infonnation should prove useful in water quality management considerations. 
4. Chapman said there is considerable uncertainty between the "no effect level" and 
the "known effect level" for the effects of DO on fish and invertebrates. He said 
that the best decisions on water quality management issues are balanced and fall 
within the region of uncertainty, or the "gray area"-that these issues can be 
resolved between reasonable regulatory agencies and owner-operators of 
facilities. Otherwise, legal solutions are very expensive and consume much time 
before water quality improvements are implemented. 
5. There was consensus that bioenergetic models would be useful for water quality 
management decisions. 
6. There also was consensus that a tailwater classification and biological index 
system (e.g., IBI approach) would be useful for comparing conditions on 
tail waters. 
Bioenergetic Model 
A bioenergetics fish growth model was developed for tailwaters by TV A with Dr. Gary 
Chapman ofthe EPA as an extension and improvement of EPA's 1986 DO criteria for 
regulated tailwaters. The model is based on the concepts put forth by Cuenco et aI., 
(1985a, b, c). The model was developed using data on rainbow trout from two tailwaters 
and laboratory derived data. The potential applicability of the model was broadened 
substantially by the derivation of a glossary and library of parameter rates and 
coefficients necessary for modeling 19 species of fish. However, the model has been 
calibrated to field data only for rainbow trout. 
The modeling provides a quantitative approach for site-specific water quality 
management, and provides important documentation for regulatory agencies concerned 
with biological response. Using best available information on important fish species, the 
model quantifies expected growth as a function of temperature, DO, and food availability 
patterns. Thus, the model can be used to quantify growth consequences in periods when 
aerated DO levels fall below the criteria, and the degree to which this reduced growth is 
compensated by high growth rates when the water is aerated to levels in excess of the 
criteria. 
The modeling effort involves calibration of the hydrodynamic, water quality, and 
bioenergetics modules -of TVA's river modeling system, ADYN-RQUAL. Papers by 
Shiao et al (1992 and 1994) summarize the model and an application of the model. 
Applications of the model indicate that fish growth rates are affected by long-term 
averages (over several months) of DO as opposed to daily or even weekly deviations 
from the desired average DO. The results indicate that periodic deviations from 
numerical criteria do not affect overall fish growth rates. 
USF&WS Report For EPRI 
This study was conducted by the USF&WS lab in Lamar, PA (1999, draft report.) The 
objective of this project was to confirm and expand upon TVA's unpublished efforts in 
1986 (Isom TVA memo, March 1986). 
The following was excerpted from their Executive summary: 
The U.S. Fish & Wildlife Service was contracted to develop an apparatus that 
could be programmed to precisely control fluctuating dissolved oxygen 
concentrations to four groups of rainbow trout, and to conduct the tests. One 
group of trout served as a control, and were reared at a continuous DO 
concentration of 5-mg/1. A second group was subjected to 3-mg/1 for 10-hours 
per day, and 8-mg/l for 14-hours per day, seven days a week. A third group 
experienced the same fluctuation on weekdays, but received 8-mg/L for 24-hours 
on both Saturday and Sunday. The final group was sUbjected to 3-mgll6-hours 
per day, and 8-mgll I8-hours per day, 7 -days per week. 
The study ran for I2-weeks, with each fish being weighed and measured every 
two weeks. Virtually no mortalities occurred other than those related to the initial 
stocking of the fish. At the end of the test, it was found that all fish subjected to 
the fluctuating DO levels grew better than the control group. Thus, it can be 
concluded that exposing rainbow trout to DO concentrations as low as 3-mg/l for 
up to IO-hours per day has no effect on growth or survival, provided 
compensatory periods of 8-mg/l concentrations are also provided, at least when 
compared to the control group held at 5-mg/1. 
The implications for peaking hydroelectric facility operations and licenses are 
significant. If generation flows contain at least 3-mg/l DO, and last no longer 
than IO-hours per day, bypass flows need only be aerated to meet the 8-rngll 
compensatory period requirement. Aerating the smaller bypass flows, if needed 
at all, is far less costly than aerating the large volumes of generation flows. 
In addition, it would appear that the specified dissolved oxygen discharge 
concentrations contained in operating licenses are not truly appropriate for peak 
plant operations, and are likely to be adding unnecessary expense to operational 
budgets. The results of previous studies that continuously exposed fish for 
extended periods of time to low DO concentrations should not be applied to 
populations located below peaking hydroelectric facilities, because the study 
scenarios do not accurately represent the true conditions. 
Table 1. EPA water quality criteria for ambient dissolved oxygen concentration 
Coldwater Criteria Warmwater Criteria 
Early Life Other Life Early Life Other Life 
Stages 1,2 Stages Stages2 Stages 
30 Day Mean NAJ 6.5 NA 5.5 
7 Day Mean 9.5 (6.5) NA 6.0 NA 
7 Day Mean Minimum NA 5.0 NA 4.0 
1 Day Minimum 4,0 8.0 (5.0) 4.0 5.0 3.0 
l These are water column concentrations recommended to achieve the required 
intergravel dissolved oxygen concentrations shown in parentheses. The 3 mg/l 
differential is discussed in the criteria document. For species that have early life stages 
exposed directly to the water column, the figures in parenthesis apply. 
'2 Includes all embryonic and larval stages and all juvenile forms to 30-days following 
hatching. 
J NA (not applicable). 
4 For highly manipulatable discharges, further restrictions apply (see page 37). 
5 All minima should be considered as instantaneous concentrations to be achieved at all 
times. 
Table 2. EPA definitions for degrees of growth rate impairment 
No Production Impairment. Representing nearly maximal protection of fishery resources. 
Slight Production Impairment. Representing a high level of protection of important 
fishery resources, risking only slight impairment of production in most cases. 
Moderate Production Impaim1ent. Protecting the persistence of existing fish populations 
but causing considerable loss of production. 
Severe Production Impairment. For low-level protection of fisheries of some value but 
whose protection in comparison with other water uses cannot be a major objective of 
pollution control. 
APPENDIXB 
Study plan for Lake Ogallala: August 28 - September 1,2000. 
OBJECTIVES 
STUDY PLAN FOR LAKE OGALLALA 
AUGUST 28·SEPTEMBER 1, 2000 
1. Measure mass balance of water quality parameters that affect DO in Keystone 
channel (DO, IOD, BOD, ammonia, phosphorus, total nitrogen, alkalinity, pH) 
2. Define circulation patterns of water currents in Keystone Channel under the 
operating conditions during the study-two flow regimes will be investigated: 
during generation when the pool is filling and during non-generation when the 
pool is draining 
3. Obtain inputs for a water quality model that can be used to simulate the effects of 
various management alternatives on providing DO levels that are 
acceptable/desirable for trout 
4. Quantify sources of DO demands on the system 
• McConaughy releases (ammonia, BOD, IOD, sulfide) 
• Aquatic plants (BOD, ammonia) 
• South and North Basins (ammonia, BOD) 
• SOD 
5. Assess the potential for ammonia toxicity 
6. Assess the potential for fishery impacts by sulfide 
STUDY CONSIDERATIONS 
1. Lake Ogallala is a very complex water body-physically, chemically, and 
biologically. The emphasis of this study is to address the physical and chemical 
aspects, keeping in mind the biological integrity of the system 
2. This is a system study-all the pieces will fit together when we get finished, sort 
of like a puzzle ... no one piece will stand alone. This requires timing of all our 
measurements with the operations at Kingsley, our dye injections, and what we 
find out during the study with respect to the time of travel of water through the 
channel under the various operating conditions. 
3. This is a diagnostic study where we are looking for a number of possible causes 
for the impacts to the fishery as well as opportunities to improve fishery 
conditions. 
4. Not one piece of data stands alone. It will be very important to synchronize our 
watches and for all of us to use CT. All references to time during the study will 
be CT. We should all use military time. 
5. All the schedules that are set up during the study will be important. If you have 
trouble staying on schedule, let us (John Holz, Kyle Hoagland, or Jim Ruane) 
know and we (with your help) will determine how to resolve the problem. 
6. Field sheets will be very important. Keep up with them until you tum them in to 
the lab. Without field sheets nothing we do will make sense. 
7. The location, depth, and time of anything you measure or collect will be critical 
information. Please know the station number of all your locations. If you get 
data or information at any other location, you will need a GPS reading (preferably 
using a differential GPS). 
8. Most of the sampling and monitoring will be accomplished by four teams working 
around the clock. There will be 4 people on each of these teams, 2 people on site 
at all times, each set of2 people working 12 hour shifts. We will need a 
"specialist" on each shift that will be familiar with the methods and approaches 
needed to achieve the objective for each team. 
9. Each team probably will have varying instructions daily depending on where we 
are in the course of the study and what we find out as we progress. We wouldn't 
want anyone to complain about the study being monotonous. 
10. We are trying to accomplish a lot of objectives so the plan of study will be 
dynamic-but hang on and we'll make it through it. After one or two days we all 
might seem a little mixed up and forget which day it is-please be patient with us 
and each other. In all likelihood it will all make sense in the end. 
11. Tag numbers-each sample that is collected and each data point that is recorded 
should have a tag number. It will be "location number-date-time-depth" (e.g., 4b-
8/29-0830-2) 
PROJECT OPERATING SCHEDULE AND DYE INJECTIONS 
Key project operating characteristics will be as follows: 
• Lake Ogallala pool level will be low (about elevation 3123) on Tuesday at 
noon 
• Central will generate about 4000 cfs from noon to 2100, Tuesday through 
Friday at noon 
• Keystone will operate at a constant flow of about 1500 cfs, with about 300-
400 cfs going to the N. Platt River (NPR) and the remainder going to the 
canal, Tuesday through Friday at noon 
Dye injections will all be made across the channel at the entrance to Keystone Channel 
when the flow is moving to the East. They will be made at the following times: 
• Soon after generation starts at noon on Tuesday (8/29); estimated mean travel 
time is 7 hours, but the leading edge of the dye could move through the whole 
system within about 3 hours (just a guess) and the trailing edge could pass 
through Keystone almost 24 hours after we inject the dye 
• Soon after generation ends at 2100 on Wednesday (8/30); estimated mean 
travel time is 19 hours, but the leading edge of the dye could move through 
the whole system within about 9 hours (just a guess) and the trailing edge 
could pass through Keystone almost 40 hours after we inject the dye 
TEAMS 
West Channel Team (WCT)-this team will cover the sampling in the western part 
of the channel (Station 1 as well as 3b, 4b, 5b, 6b, 7b, 8b, 9b, 10b, 11 b) 
WCT will have the following responsibilities: 
• Collect dye samples as needed (usually after dye is injected) 
• Measure DO, T, pH 
• Collect ammonia samples anytime the pH is greater than 8.4 
• Collect ammonia samples at station 1 every two hours 
• At each station, collect data at I-m intervals of depth (except when dye is 
passing through after a dye injection-under this condition, just get I-m 
depth data) 
• Collect data every 2-3 hours, except when tracking dye after a dye 
injection when you should collect data/samples as frequently as possible 
so that we can map out the progression of the dye cloud 
• Team members will include Nate Nielson and Kent Aden, plus two others 
fromNGPC 
East Channel Team (ECT)-this team will cover the sampling in the eastern part of 
the channel (Station 2 as well as 12b, 13b, 14b, 15b, 16b, 17b, 18b, 19b, 20b) 
ECT will have the following responsibilities: 
• Collect dye samples as needed (usually after dye is injected)-this team 
will use the flow-through fluorometer 
• Measure DO, T, pH 
• Collect ammonia samples anytime the pH is greater than 8.4 or DO is less 
than 3 mg!l 
• Collect ammonia samples at station 2 every two hours 
• At each station, collect data at I-m intervals of depth-be careful to catch 
the near-bottom depths where low DO has been measured at stations 9b, 
12b, 15b, and 18b 
• Collect data every 2-3 hours, except when tracking dye after a dye 
injection when you should collect data/samples as frequently as possible 
so that we can map out the progression of the dye cloud 
• Team members will include Dave Bubb, Justin King, and Mark Porath, 
plus two others from NGPC 
Keystone Dam Team (KDT)-this team will cover the discharges from Keystone Dam, 
i.e., the flows to the NPR and the canal 
KDT will have the following responsibilities: 
• Continually measuring the dye concentration in both discharges over the 
whole course of the study using a flow-through flourometer 
• Collecting composite samples for all the water quality parameters being 
addressed in the mass balance study, using a single point for NPR and quarter 
points for the discharge to the canal. Samples will be collected hourly and 
compo sited every four hours during the first 48 hours of the study and six 
hours for the remaining course of the study. Compositing should start 4 hours 
after the dye is injected on August 29 
• The frequency and locations of the composite samples will be specified before 
sampling starts on 8/29 
• Team members will include two specialists from NPPD, plus two others from 
NGPC 
Instrumentation Team (IT)-this team will maintain all the lsco samplers at stations 1 
and 2 as well as the Hydrolabs at Stations 1-4. 
IT will have the following responsibilities: 
• Calibrating the Hydrolabs 
• Downloading the data from the Hydrolabs 
• Programming the Isco samplers 
• Collecting sample bottles and compo siting samples (every 4 hours at all 
stations except at Station 1 which should be composited every 4.5 hours 
during generation and every 5 hours during non-generation. Compositing at 
station 1 should start when generation starts on August 28 and continue for 48 
hours. Compo siting at station 2 should start 4 hours after generation starts on 
August 28 and continue for 48 hours. 
• Team members will include Kris Fisher, ........ , and 2 people others from 
NGPC 
Buoy Line Team (BLT)-this team will collect samples during generation at the buoy 
line 
BLT will have the following responsibilities: 
• Collect samples for the following: lOD, ammonia, BOD, DO, T 
• Collect samples at the beginning of generation (say 10 minutes after it starts), 
and atJ-hour intervals after it starts (a total of 4 samples) 
• Team members will include Larry Vrtiska plus 1 other from NGPC 
South/North Basin and McConaughy Team (SNMT)-this team will collect water 
quality data and samples in the South and NOlih Basins and in the forebay of Lake 
McConaughy 
• Darrol Eichner will lead this team 
• Hydrolab profiles will be taken twice daily (early morning, late afternoon) 
• Water quality samples will be collected on Thursday after ADCP profile 
information is available 
• Water quality profiles of field data (including pH and conductivity) and 
samples will be collected in the forebay of Lake McConaughy (possibly at 
two locations) on Thursday after ADCP profile information is available 
ADCP Team-this team will conduct flow measurements at various locations in Lakes 
Ogallala and McConaughy 
• Team members: Dave Admiraal and John Stansbury 
• Measurements will be made at the transect located at Station 1 so that dye 
injections can be made across the channel 
• Vertical profiles of velocity distribution will be taken during drain out 
conditions on Wednesday morning before generation-these profiles should 
be taken to ensure the main withdrawal zone is determined under established 
flow conditions 
• Ifpossible vertical profiles of velocity and transects across the intake channel 
will be made in Lake McConaughy 
• Other locations will be profiled as discussed during the course of the study 
BOD sample courier-- for transporting samples to McCook 
Sampling on N & S Basins and Lake McConaughy 
N& S BASINS: 
Field parameters: T, DO, pH, conductivity 
Sample parameters at all depths: BOD, Nutrients (alk, chI, TP, [N03 and N02], TN), 
NHx 
IOD in any sample where DO is zero «O.S mg/l) 
Depths: 
Field parameters: every m 
Sampling: 1 m, 3m, Sm, 7 m off bottom and surface, 
LAKE MCCONAUGHY 
Sample parameters at all depths: BOD, Nutrients, (alk, chI, TP, [N03 and N02], TN), 
NHx samples only where DO is zero 
IOD in any sample where DO is zero «O.S mg/l) 
Depths: 
Field parameters: every m 
1 m, 3m, 6m, 10m and the top of the zero DO region; 3 samples in the mixed layer, and 1 
sample in the middle of the metalimnion (defined here as the layer between the mixed 
layer and the layer with zero DO) 
APPENDIXC 
Rhodamine WT dye concentrations, temperature, dissolved oxygen, and pH field data 
collected at various Lake Ogallala stations from 8/29/00 to 9/1/00. 
I 1 Dye Temperature Dissolved Oxygen pH 
.. ~ 
Dye Dye Dye Gen. 
Dump Dump Dump 3 begin 
1 1 elap. 2 elap. elap. elap . 
Date . Stat. I Time time time time time surf. 1m 2m 3m 4m surf. 2 1m 2 2m2 3m2 4m2 surf. 1m 2m 3m 4m pH 1m 2m 3m 4m 
812912000 3 15:34 2:34 I I 3:34 202 1 20.1 20.1 5.94 5.67 5.66 1 7.9 7.9 7.91 
8/29/2000 3 17:24 4:24 5:24 20.3 20.3 I 20.2 5.86 5.84 5.81 7.8 8.0 8.0 
8/29/2000 3 18:58 5:58 6:58 20.2 20.1 6.15 6.04 7.9 8.0 
8/29/2000 3 , 20:51 7:51 8:51 1 20.0 20.0 5.94 6.01 7.6 7.8 
8/29/2000 3 22:55 9:55 10:55 20.0 20.0 I 5.68 5.43 7.7 7.8 
8/30/2000 3 1:24 12:24 13:24 20.1 20.1 20.0 5.31 5.31 525 7.9 7.9 7.9 
8/30/2000 3 3:22 14:22 15:22 20.4 20.2 5.84 5.16 7.8 7.9 
,8/30/2000 3 5:19 16:19 17:19 20.6 20.6 6.96 6.66 8.0 8.1 
'8/30/2000 3 7:42 18:42 19:42 20.6 6.97 8.1 
8/3012000 3 9:15 20:15 21:15 20.6 7.28 I 8.1 . 
8/30/2000 3 11 :16 22:16 23:16 20.7 6.85 8.2 
8/30/2000 3 13:34 1:34 20.8 20.8 6.11 6.10 1 8.018.0 
8/30/2000 3 15:16 3:16 20.8 20.7 6.35 6.30 8.1 8.1 
8/30/2000 3 17:23 5:23 20.4 20.4 I 6.23 6.03 7.8 7.8 
8/30/2000 3 19:17 7:17 20.6 20.5 20.4 6.30 6.20 5.83 17.9 7.9 I 7.8 
8/30/2000 3 20:57 8:57 20.7 20.7 5.981 5.89 7.8 7.9 
8/30/2000 3 23:25 0:10 11:25 20.6 20.6 5.65 5.42 8.0 7.9 
8/31/2000 3 1:36 2:21 13:36 20.5 20.5 5.18 4.95 7.9 7.9 
8/31/2000 3 3:23 4:08 15:23 20.4 20.4 5.30 4.53 7.9 7.9 
8/31/2000 3 5:19 6:04 17:19 20.4 20.4 5.44 5.24 ; 7.9 7.9 
8/31/2000 3 7:31 8:16 19:31 0.09 0.09 20.4 20.5 5.55 5.27 8.1 8.0 
8/31/2000 3 9:58 10:43 21:58 20.4 5.68 . 8.1 
8/31/2000 3 11 :15 12:00 23:15 20.5 5.64 18.0 
3 Min 5.31 5.18 4.53 I 5.83 0.00 1 
3 Max I 20.3 20.8 20.8 20.4 0.0 I 7.9182 8.1 I 7.81 0.0 
Appendix B App B-keystone field data 6/15/2001 
Dye Temperature Dissolved Oxygen pH 
Dye Dye Dye Gen. 
Dump Dump Dump 3 begin 
Stat. I 1 elap. 2 elap. elap. elap. Date Time time time time time surf. 1m 2m 3m 4m surf. 2 1m 2 2m2 3m 2 4m2 surf. 1m 2m 3m 4m pH 1m 2m 3m 4m 
812912000 4 15:44 2:44 3:44 20.1 5.88 7.9 
8/29/2000 4 17:33 4:33 5:33 20.3 5.91 7.9 
8/29/2000 4 19:02 6:02 7:02 20.1 20.1 6.08 4.71 I 8.0 8.0 
8/29/2000 4 20:56 7:56 I 8:56 20.0 19.9 5.78 5.18 7.9 7.9 
8/29/2000 4 23:02 10:02 11:02 19.9 5.23 7.9 
8/30/2000 4 1:33 12:33 13:33 20.1 5.00 7.9 
8/30/2000 4 3:30 14:30 15:30 20.5 5.95 8.0 
8/30/2000 4 5:28 16:28 17:28 20.6 6.84 I 8.1 
'8/30/2000 4 7:46 18:46 19:46 20.6 6.41 8.1 
8/3012000 4 9:22 20:22 21:22 20.6 7.48 8.1 
8/30/2000 4 11 :19 22:19 23:19 21.3 9.53 8.3 
8/30/2000 4 13:41 1:41 20.8 6.50 8.1 
8/30/2000 4 15:25 I 3:25 20.8 6.56 8.2 I 
8/30/2000 4 17:30 I 5:30 20.3 I 6.07 17.8 
8/30/2000 4 19:24 7:24 20.5 ! 6.07 7.8 
8/30/2000 4 21:02 9:02 I 20.7 I 5.70 8.0 I 
8/30/2000 4 23:28 0:13 11:28 20.6 5.00 7.9 
8/31/2000 4 1:44 2:29 13:44 20.4 4.65 7.9 t--
8/31/2000 4 3:28 4:13 15:28 20.3 4.99 7.8. 
8/31/2000 4 I 5:25 6:10 17:25 20.3 5.33 7.9 I 
8/31/2000 4 7:38 8:23 19:38 0.06 20.3 5.28 7.9 I 
8/31/2000 4 10:03 10:48 22:03 20.4 6.30 8.1 
8/31/2000 4 11 :19 12:04 23:19 20.5 , 7.17 8.1 
4Min 5.28 4.65 4.71 0.00 0.00 
4 Max 21.3 20.8 20.1 I 0.0 I 
.. 
0.0 8.3 8.2 8.0 0.0 10.0 
Appendix B App B-keystone field data 6/15/2001 
Dye Temperature Dissolved Oxygen pH 
Dye Dye Dye Gen. 
Dump I Dump Dump 3 begin 
1 elap. 2 elap. elap. elap. 
Date Stat. Time time time time time surf. 1m 2m 3m 4m surf. 2 1m 2 2m2 3m2 4m2 surf. 1m 2m 3m 4m pH 1m 2m 3m 4m 
812912000 5 15:49 2:49 3:49 20.3 6.44 8.0 
8/29/2000 5 17:36 4:36 5:36 20.4 6.48 8.0 
8/29/2000 5 19:08 6:08 7:08 --~- 20.2 6.14 I 7.9 
8/29/2000 5 21:00 8:00 9:00 20.0 5.34 7.9 
-
8/29/2000 5 23:06 10:06 11 :06 20.0 4.68 7.9 
8/30/2000 5 1:41 12:41 13:41 20.0 3.89 7.9 
8/30/2000 5 3:34 14:34 15:34 20.1 5.15 7.9 
8/30/2000 5 5:36 16:36 17:36 20.2 5.01 8.0 
8/30/2000 5 7:52 18:52 I 19:52 20.3 5.53 8.0 
8/30/2000 5 9:26 20:26 21:26 20.6 7.46 8.0 
8/30/2000 5 11 :21 22:21 23:21 21.7 15.38 8.8 
8/30/2000 5 13:45 1:45 21.2 8.40 8.2, 
8/30/2000 5 I 15:32 3:32 20.9 7.40 8.3 
8/30/2000 5 17:35 5:35 20.4 6.07 7.8 
8/30/2000 5 19:28 7:28 20.4 6.04 7.9 
8/30/2000 5 21:05 9:05 20.5 5.70 8.1 
8/30/2000 5 23:32 0:17 11:32 20.5 4.76 7.8 
8/31/2000 5 1:51 2:36 13:51 20.3 4.83 7.8 
8/31/2000 5 3:32 4:17 15:32 20.2 4.62 7.8 
8/31/2000 5 5:29 6:14 17:29 20.1 4.38 7.8 
8/31/2000 5 7:44 8:29 19:44 0.06 20.1 4.40 , 7.8 
813112000 5 10:09 10:54 22:09 20.0 7.84 8.1 
8/31/2000 5 11:23 12:08 23:23 20.2 11.87 8.5 
5Min 4.38 1_3.89 I 0.0°1°·00 0.00 
---
5~ L.. ... '-- --- I 21.7 20.9 0.0 0.0 0.0 8.8 8.3 0.0 0.0 I 0.0 
Appendix B App B-keystone field data 6/15/2001 
,--
Dye Temperature Dissolved Oxygen pH 
Dye Dye ~G," Dump Dump Dump 3 begin 
1 elap. 2 elap. elap. elap. 
Date Stat. Time time time time, time surf. 1m 2m 3m 4m surf. 2 1m 2 2m2 3m2 4m'2 surf. 1m 2m 3m 4m pH 1m 2m 3m 4m 
812912000 6 12:20 0:20 21.0 12.66 8.6 
8/29/2000 6 13:42 0:42 1:42 19.50 20.8 7.80 8.1 
8/29/20001 6 14:22 1:22 2:22 1.74 20.3 7.22 8.0 
8/29/2000 6 16:10 3:10 4:10 0.91 20.5 7.46 8.1 
8/29/2000 6 17:57 4:57 5:57 0.06 20.4 20.4 6.57 6.67 8.0 8.0 
8/29/2000 6 19:13 6:13 7:13 20.2 6.09 8.0 
8/29/2000 6 21:18 8:18 9:18 I 20.0 5.63 7.9 I 
8/29/2000 6 23:23 10:23 11:23 19.9 4.79 7.9 
8/30/2000 6 2:08 13:08 14:08 19.7 3.70 7.8 
8/30/2000 6 4:00 15:00 16:00 1.57 19.7 3.14 I 7.8 
8/30/2000 6 6:05 17:05 18:05 19.8 I 3.27 17.8 
8/30/2000 6 8:06 19:06 20:06 I 19.8 3.14 I 7.4 I 
8/30/2000 6 9:44 20:44 21:44 20.2 5.14 8.0 I 
8/30/2000 6 11:46 22:46 23:46 20.9 11.28 I 8.4 ! 
8/30/2000 6 14:07 2:07 21.3 9.05 8.3 
8/30/2000 6 16:03 4:03 20.8 7.91 7.81 
8/30/2000 6 17:56 5:56 20.6 6.51 I 7.8 ! 
8/30/2000 6 19:41 7:41 20.4 5.93 7.9 
8/30/2000 6 21:26 9:26 20.5 5.33 7.9 
8/30/2000 6 23:48 0:33 11:48 20.5 5.20 7.8 
8/31/2000 6 2:09 2:54 14:09 1.02 I 20.4 4.62 7.8 
8/31/2000 6 3:51 4:36 15:51 0.15 20.1 3.88 7.8 
8/31/2000 6 5:48 6:33 17:48 0.09 20.0 3.75 7.8 
8/31/2000 6 8:05 8:50 20:05 0.10 19.7 3.37 7.7 
8/31/2000 6 10:30 11 :15 22:30 19.5 6.30 8.1 
8/31/2000 6 11:48 12:33 I 23:48 19.5 i 9.03 8.3 I 
.. --
-_. 
6 Min I 3.14 3.14 0.00 0.00 0.00 I 
6 Max I 21.0 21.3 0.0 0.0 I 0.0 8.6 8.3 I 0.0 I 0.0 0.0 
Appendix B App B-keystone field data 6/15/2001 
I 1 1 
Dye Temperature Dissolved Oxygen pH 
I Dye Dye I Dye Gen. 
I Stat. 1 
Dump Dump I Dump 3 begin 
1 elap. 2 elap. elap. elap. 
Date Time time I time time time surf. 1m 2m 3m 4m surf. 2 1m 2 2m2 3m2 4m2 surf. 1m 2m 3m 4m pH 1m 2m 3m 4m 
8/29/2000 7 13:06 0:06 1:06 66.10 I 20.5 I 5.80 8.1 
8/29/2000 7 14:10 1:10 2:10 1.21 20.1 6.11 I 7.9 
8/29/2000 7 14:54 1:54 2:54 0.30 20.2 6.48 8.0 
8/29/2000 7 15:58 2:58 3:58 0.04 20.2 20.6 20.2 20.2 6.35 6.27 6.05 6.04 8.0 8.3 8.0 8.0 
8/29/2000 7 17:47 4:47 5:47 0.06 20.3 20.3 20.3 20.3 5.95 5.97 5.90 5.94 8.0 8.0 8.0 8.0 
8/29/2000 7 19:43 6:43 7:43 20.1 20.1 5.92 5.83 7.8 7.9 
8/29/2000 7 21:09 8:09 9:09 20.0 20.0 20.0 5.66 5.57 5.51 7.9 7.9 7.9 
8/29/2000 7 23:16 10:16 11 :16 19.9 19.9 5.30 5.08 I 7.9 7.9 
8/30/2000 7 1:55 12:55 1 13:55 19.9 19.9 4.85 4.76 7.9 7.9 
8/30/2000 7 3:49 14:49 I 15:49 0.11 19.9 19.9 4.62 4.57 7.9 7.9 
8/30/2000 7 5:52 16:52 17:52 20.3 20.3 5.58 5.34 8.0 8.0 
8/30/2000 7 8:00 19:00 20:00 20.5 I 5.77 ! 8.0 
8/30/2000 7 9:36 20:36 21:36 20.5 6.53 8.0 
8/30/2000 7 11:39 22:39 23:39 21.2 9.50 8.4 
8/30/2000 7 13:57 1 1:57 21.0 21.0 20.9 6.91 6.98 6.95 8.2 8.1 8.1 I 
8/30/2000 7 15:45 3:45 20.8 20.9 6.51 6.76 8.2 8.2 i 
8/30/2000 7 17:47 5:47 20.4 20.4 20.4 5.94 6.00 6.00 7.8 7.8 7.8 
8/30/2000 7 19:34 7:34 20.4 20.4 6.04 5.88 7.9 7.9 
8/30/2000 7 21:14 9:14 20.6 20.5 20.5 5.63 5.52 5.41 7.9 7.9 7.9 
8/30/2000 7 23:41 0:26 11 :41 20.5 20.5 5.06 4.87 7.9 7.9 
8/31/2000 7 2:02 2:47 14:02 19.90 16.80 20.5 20.4 4.86 3.84 7.9 7.8 
8/31/2000 7 3:42 4:27 15:42 0.90 0.82 0.73 20.3 20.3 20.3 4.72 4.60 4.57 7.8 7.8 7.8 
8/31/2000 7 5:39 6:24 17:39 0.24 0.27 0.27 20.2 20.2 20.2 4.65 4.50 4.49 7.8 7.8 7.8 
8/31/2000 7 7:56 8:41 19:56 0.10 0.11 20.2 20.2 1 4.68 4.49 7.9 7.8 
8/31/2000 7 10:20 11:05 22:20 20.3 20.3 20.3 5.93 5.98 5.92 8.0 8.0 8.0 
8/31/2000 7 11:40 12:25 23:40 20.5 20.5 20.5 ! 7.04 1 6.97 7.02 1 8.1 8.1 8.1 
17 Min 5.95 1 4.62 3.84 4.49 0.00 
17 Max 20.3 21.2 1 21.0 20.9 0.0 I 1 8.0 1 8.4 8.2 8.1 0.0 
Appendix B App B-keystone field data 6/15/2001 
J]T;m, I Dye Temperature Dissolved Oxygen pH Dye Dye Dye Gen. Dump Dump Dump 3 begin 1 elap. 2 elap. elap./ elap. 
time 1 time time time surf. 1m 2m 3m 4m surf. 2 1m 2 2m2 3m 2 4m2 surf. 1m 2m 3m 4m pH 1m 2m 3m 4m 
812912000 8 13:13 0:13 1:13 19.50 21.3 I I 15.5 8.7 
8/29/2000 8 14:02 1:02 2:02 5.27 20.7 9.5 8.3 
8/29/2000 8 14:50 1:50 2:50 0.52 20.6 9.4 j 8.3 
8/29/2000 8 15:54 2:54 3:54 0.06 20.6 9.3 8.3 
8/29/2000 8 17:42 4:42 5:42 0.04 20.6 20.6 8.1 8.3 I 8.2 8.2 
8/29/2000 8 19:36 6:36 7:36 20.3 6.4 I 8.1 
8/29/2000 8 21:06 8:06 9:06 20.0 5.2 i 17.7 
8/29/2000 8 23:12 10:12 11 :12 , 19.9 4.5 7.9 
8/30/2000 8 1:50 12:50 13:50 19.8 3.6 7.8 
8/30/2000 8 3:42 14:42 15:42 0.12 19.7 3.2 7.8 
8/30/2000 8 5:41 16:41 17:41 19.7 3.6 I 7.81 ---r-' 
8/30/20001 8 I 7:55 18:55 19:55 19.8 I 3.5 7.8 
8/30/2000 8 9:32 20:32 21:32 20.2 5.0 7.8 
8/30/2000 8 11:34 22:34 23:34 21.7 13.2 8.6 
8/30/2000 8 13:52 1:52 22.2 I 14.9 8.8 
8/30/2000 8 I 15:39 3:39 21.8 11.6 8.6 
8/30/2000 8 17:40 5:40 20.9 7.7 8.1 
8/30/2000 8 19:33 7:33 20.6 6.7 8.0 
--- --
8/30/2000 8 21 :11 9:11 20.4 5.3 7.9 
-
8/30/2000 8 23:37 0:22 11 :37 20.4 4.8 7.8 
8/31/2000 8 1:56 2:41 13:56 6.91 20.4 4.5 7.8 
8/31/2000 8 3:37 4:22 15:37 2.52 , 20.3 3.3 I 7.7 
8/31/2000 8 5:33 6:18 17:33 0.77 19.9 2.3 7.7 
8/31/2000 8 7:51 8:36 19:51 0.18 19.7 1.3 7.7 
8/31/2000 8 10:13 10:58 22:13 19.6 5.6 7.9 
8/31/2000 8 11:34 12:19 23:34 I 20.0 10.2 8.5 
_ .. _ .. 
-----
8 Min 
I I 
I I 1.3 3.26 0.00 0.00 0.00 I I 
---------
8 Max I 22.2 21.8 I 0 0.0 I 0.0 I I 8.818.6 0.0 I 0.0 . 0.0 
Appendix B App B-keystone field data 6/15/2001 
I Dye Temperature Dissolved Oxygen pH 
--
I 
Dye Dye Dye Gen. 
Dump Dump Dump 3 begin 
1 elap. 2 elap. elap. elap. 
Date Stat. Time time time time time surf. 1m 2m 3m 4m surf. 2 1m 2 2m2 3m2 4m2 surf. 1m 2m 3m 4m pH 1m 2m 3m 4m 
8/29/2000 9 12:13 0:13 20.8 9.89 8.3 
8/29/2000 9 13:46 0:46 1:46 16.40 20.8 7.10 I 8.1 
8/29/2000 9 14:26 1:26 2:26 1.29 20.3 7.10 8.0 
8/29/2000 9 16:14 3:14 4:14 0.07 20.5 7.09 8.1 
8/29/2000 9 18:04 5:04 6:04 0.05 20.1 20.4 6.47 6.53 8.0 8.1 
8/29/2000 9 19:18 6:18 7:18 20.3 6.10 8.0 
8/29/2000 9 21:22 8:22 9:22 20.0 5.20 I 7.9 
8/29/2000, 9 23:29 10:29 11:29 20.0 4.80 7.9 
8/30/2000 9 2:15 13:15 14:15 20.0 4.28 7.9 
. 
8/30/2000 9 4:09 15:09 I 16:09 1.75 19.9 ' 4.03 ,7.9 , 
8/30/2000 9 6:11 17:11 18:11 2.88 20.0 3.34 7.9 
8/30/2000 9 8:10 19:10 20:10 19.7 I 2.65 7.7 
8/30/2000 9 9:49 20:49 21:49 19.9 I 4.35 7.8 
8/30/2000 9 11:56 22:56 23:56 21.3 I I 9.20 8.3 
8/30/2000 9 14:14 2:14 21.3 8.76 8.3 
8/30/2000 9 16:08 4:08 21.2 8.10 7.9 
8/30/2000 9 18:06 6:06 20.5 6.56 7.9 
8/30/2000 9 19:45 7:45 20.4 5.99 7.9 
8/30/2000 9 21:31 9:31 20.4 5.07 7.8 
8/30/2000 9 23:52 0:37 11:52 20.3 I 4.85 7.8 i 
8/31/2000 9 2:14 2:59 14:14 0.19 20.2 4.68 7.9 
8/31/2000 9 3:56 4:41 15:56 0.04 20.1 4.31 I ,7.8 
8/31/2000 9 5:52 6:37 17:52 0.35 20.0 3.72 7.8 I 
8/31/2000 9 8:14 8:59 20:14 0.15 19.7 3.51 7.8 
8/31/2000 9 10:39 11:24 22:39 0.15 20.0 6.82 8.0 
8/31/2000 9 11:52 I 12:37 23:52 0.23 20.0 7.70 8.1 I 
9 Min 
-----.-l 2.65 3.34 I 0.00 0.00 0.00 I 
9 Max I 21.3 21.2 0.0 0.0 0.0 I 8.3 8.1 I 0.0 0.0 10.0 
Appendix B App B-keystone field data 6/15/2001 
I Dye Temperature Dissolved Oxygen pH 
I 
Dye I Dye Dye Gen. 
Dump' Dump Dump 3 begin 
1 elap. 2 elap. elap. elap. 
Date Stat. Time time time time time surf. 1m 2m 3m 4m surf. 2 1m2 2m2 3m2 4m2 surf. 1m 2m 3m 4m pH 1m 2m 3m 4m 
8129120001 10 12:01 0:01 I I 21.8 18.70 8.9 
8/29/2000 10 13:23 0:23 1:23 0.05 21.1 I 9.90 8.3 
8/29/2000 10 13:52 0:52 1:52 21.80 20.9 8.12 8.3 i 
8/29/2000 10 14:33 1:33 2:33 8.28 20.5 7.51 8.2 
8/29/2000 10 16:21 3:21 I 4:21 0.45 20.5 7.75 I 8.2 
8/29/2000 10 18:14 5:14 6:14 0.08 20.4 I I 6.64 8.0 
8/29/2000 10 19:18 6:18 7:18 20.3 6.10 I 8.0 
8/29/2000 10 21:29 8:29 9:29 20.1 5.21 7.8 
8/29/2000 10 23:35 10:35 11:35 19.9 2.71 7.7 
8/30/2000 10 2:23 13:23 I 14:23 19.8 3.57 7.9 
8/30/2000 10 4:18 15:18 16:18 0.08 19.7 3.38 I 7.8 
8/30/2000 10 6:20 17:20 18:20 0.07 19.8 3.47 7.9 
8/30/2000 10 8:17 19:17 20:17 20.0 4.08 7.7 
8/30/2000 10 9:57 20:57 21:57 20.6 7.15 . , 7.9 
8/30/2000 10 12:07 23:07 0:07 22.0 12.10 8.4 
8/30/2000 10 14:48 2:48 21.5 i 8.34 8.3 
8/30/2000 10 16:15 4:15 f--- 21.4 8.77 
-
8.0 
8/30/2000 10 18:12 6:12 20.7 6.75 7.9 
8/30/2000 10 20:18 8:18 20.4 5.06 7.8 
8/30/2000 10 21:48 9:48 20.3 4.75 7.8 
8/31/2000 10 0:05 0:50 12:05 20.3 4.29 7.7 
8/31/20001 10 2:20 3:05 14:20 44.90 20.3 3.86 I I 7.8 I 
8/31/2000 10 4:03 4:48 16:03 10.70 20.2 3.57 7.8 
8/31/2000 10 5:57 6:42 17:57 2.12 20.0 3.43 7.8 
8/31/2000 10 8:35 9:20 20:35 19.9 2.91 7.8 
8/31/2000 10 10:13 10:58 22:13 0.40 
8/31/2000 10 11:02 11:47 23:02 0.29 
8/31/2000 10 12:09 12:54 0:09 20.2 8.05 8.1 
10 Min I I 2.91 1 2.71 0.00 0.00 0.00 I 
10 Max I 
-
22.0 I 21.4 0.0 0.0 0.0 I 8.9 8.0 I 0.0 . 0.0 0.0 
Appendix B App B-keystone field data 6/15/2001 
~rT;m. Dye Temperature Dissolved Oxygen pH Dye Dye Dye Gen. Dump Dump Dump 3 begin 1 elap. 2 elap. elap. elap. time time time time surf. 1m 2m 3m 4m surf. 2 1m 2 2m2 3m 2 4m2 surf. 1m 2m 3m 4m pH 1m 2m 3m 4m 
8/2912000 11 I 11:58 20.2 21.2 7.52 7.50 8.0 8.1 I 
8/29/2000 11 13:18 0:18 1 :18 10.20 20.5 6.21 8.0, 
8/29/2000 11 13:29 0:29 1:29 49.10 20.6 6.87 8.0 
8/29/2000 11 13:57 0:57 1:57 12.50 20.3 6.96 8.0 
8/29/2000 11 14:39 1:39 2:39 6.01 20.5 7.86 , 8.1 
8/29/2000 11 16:26 3:26 4:26 0.58 20.4 20.4 20.4 20.4 7.35 7.39 7.12 7.11 8.2 8.2 8.2 8.1 
8/29/2000 11 18:19 5:19 6:19 0.13 20.5 20.4 20.4 20.4 6.95 6.87 6.78 I 6.63 8.1 8.1 8.1 8.1 
8/29/2000 11 19:29 6:29 7:29 20.3 20.3 20.3 6.50 6.27 6.15 8.1 8.0 8.0 ! 
8/29/2000 11 21:32 8:32 9:32 I 20.1 20.1 20.1 20.0 6.44 5.13 5.07 3.99 7.9 7.9 7.9 
8/29/2000 11 23:40 10:40 11:40 19.9 19.9 19.9 4.99 4.87 4.79 7.9 7.8 7.8 
8/30/2000 11 2:27 13:27 14:27 i 19.8 19.8 19.8 4.12 4.15 3.96 7.9 7.9 7.9 
8/30/2000 11 4:25 15:25 16:25 ! 0.10 I 19.8 19.8 19.8 3.94 3.85 3.81 7.8 7.917.8 
8/30/2000 11 6:25 17:25 18:25 0.08 20.1 20.1 20.1 4.82 4.45 4.33 I 8.0 7.917.9 
8/30/2000 11 8:25 19:25 20:25 20.3 20.3 20.3 5.50 5.17 5.10 8.0 8.0 8.0 
8/30/2000 11 10:03 21:03 I 22:03 20.5 20.5 20.5 6.04 5.94 5.83 8.0 8.0 I 8.1 
8/30/2000 11 12:15 23:15 0:15 21.5 21.4 21.3 9.97 10.02 10.06 8.4 8.4 I 8.4 , 
8/30/2000 11 14:23 2:23 21.2 21.1 21.1 7.60 7.76 7.66 8.2 8.2 8.2 
8/30/2000 11 16:17 4:17 21.1 21.1 21.0 7.84 7.70 7.62 7.8 7.8 7.8 
8/30/2000 11 18:18 6:18 20.6 20.6 6.70 6.46 8.0 7.9 
8/30/2000 11 19:53 7:53 20.4 20.3 20.3 6.08 5.86 5.83 7.9 7.9 8.0 
8/30/2000 11 I 21:41 i 9:41 I 20.5 20.5 20.5 5.55 5.27 5.15 7.9 7.9 7.9 
8/31/2000 11 0:00 0:45 12:00 20.5 20.5 20.5 5.09 4.95 4.96 7.9 7.9 7.9 
8/31/2000 11 2:24 3:09 , 14:24 151.70149.60 42.40 20.4 20.4 20.4 4.46 4.43 4.38 7.8 7.8 7.8 
8/31/2000 11 I 4:09 4:54 16:09 2.42 3.29 3.42 20.3 20.3 20.3 4.15 4.14 4.11 7.8 7.8 7.8 
8/31/2000 11 6:09 6:54 18:09 0.85 0.97 I 0.92 20.1 20.1 20.1 3.95 3.81 3.46 7.8 7.8 7.8 
18/31/2000 11 8:21 1 9:06 20:21 0.30 0.37 1 0.38 20.0 20.0 20.1 4.32 4.16 3.72 17.9 7.8 7.8 
8/3112000 11 10:48 11:33 22:48 0.11 0.11 0.11 20.3 20.3 20.3 5.87 5.92 5.87 8.0 8.0 8.0 
8/31/2000 11 11:58 12:43 23:58 , 0.10 0.11 0.10 20.4 20.4 20.4 7.17 7.11 i 6.30 8.1 8.1 8.1 
11 Min 1 1 6.21 1 3.94 I 3.81 1 3.4613.99 1 
11 Max 1 1 , 20.6 1 21.5 21.4 1 21.3 20.0 I 1 I 8.2 8.4 8.4 8.4 I 0.0 
Appendix B App B-keystone field data 6/15/2001 
I Dye Temperature Dissolved Oxygen pH 
I 
I 
Dye Dye Dye Gen. 
Dump Dump Dump 3 begin 
1 elap. 2 elap. elap. elap. 
Date Stat. Time time time I time time surf. 1m 2m 3m 4m surf. 2 1m 2 2m2 3m2 4m2 surf. 1m I 2m 3m 4m pH 1m 2m 3m 4m 
8/2912000 12 13:28 0:28 I 1:28 0.05 0.05 22.2 I I I 8.7 
8/2912000 12 15:34 2:34 3:34 0.33 I ! 
8/2912000 12 17:15 4:15 5:15 6.00 6.00 22.3 14.90 1 18.6 
8/2912000 12 19:05 6:05 7:05 5.00 2.60 22.3 15.30 8.6 
8/29120001 12 22:16 9:16 10:16 1.04 0.54 20.7 20.7 7.40 6.90 7.9 7.9 
8/30/2000 12 1:09 12:09 13:09 0.60 0.35 20.4 4.00 7.6 
8/30/2000 12 4:10 15:10 16:10 0.55 0.51 20.0 3.80 7.6 
8/30/2000 12 6:44 17:44 18:44 0.65 0.57 19.8 2.90 7.5 
8/30/2000 12 9:56 20:56 21:56 1.30 1.10 ' 19.8 2.80 7.6 
8/30/2000 12 13:43 1:43 2.60 23.3 8.7 I 
8/30/2000 12 17:45 5:45 0.19 0.30 22.3 12.30 8.5 
8/30/2000 12 21:05 9:05 0.11 0.12 21.1 7.20 ' 8.2 
8/31/2000 12 0:31 1:16 12:31 0.12 0.11 20.4 4.32 7.9 
8/31/2000 12 3:37 4:22 15:37 0.11 0.11 19.9 3.40 7.8 
8/31/2000 12 6:52 7:37 18:52 0.17 0.16 19.8 3.70 7.7 
8/31/2000 12 9:26 I 10:11 21:26 0.17 0.17 19.5 3.80 7.8 
8/31/2000 12 13:26 14:11 I 1:26 0.50 0.49 20.0 9.90 8.2 
8/31/2000 12 16:27 17:12 4:27 0.11 0.11 21.3 12.60 8.5 
8/31/2000 12 18:29 19:14 1:07 6:29 0.07 0.07 21.0 10.57 8.8 
8/31/2000 12 20:58 21:43 3:36 8:58 1.01 0.11 20.4 6.98 I 8.1 
9/1/2000 12 0:35 7:13 12:35 1.16 1.15 20.1 5.45 
9/1/2000 12 3:45 10:23 15:45 1.31 1.49 19.8 1 4.00 7.8 
9/1/2000 12 6:25 13:03 18:25 1.96 2.07 19.4 13.39 I 7.8 
9/1/2000 12 9:11 I 15:49 21 :11 1.22 1.41 I 19.3 13.77 7.9 
12 Min I 
I 22.3 
0.00 2.80 6.90 0.00 0.00 
12 Max I I I 23.3 20.7 0.0 0.0 I 8.7 8.8 7.9 0.0 0.0 
Appendix B App B-keystone field data 6/15/2001 
I ]-T" 
Dye Temperature Dissolved Oxygen pH I . 
Dye Dye Dye Gen. 
Dump Dump Dump 31 begin 
1 elap.[2 elap. elap. elap. 
Date Stat. Time time time time time surf. 1m 2m 3m 4m surf. 2 1m 2 2m2 3m2 4m2 surf. 1m 2m 3m 4m pH 1m 2m 3m 4m 
8/29/20001 13 13:20 0:20 1 I 1:20 0.04 0.04 21.0 21-0 9.30 9.70 1 8.1 8.2 I 
8/29/2000 13 15:25 2:25 I 3:25 6.10 
8/29/2000 13 17:05 4:05 5:05 0.83 0.80 20.7 20.7 8.90 8.90 8.1 8.1 
8/29/2000 13 18:55 5:55 6:55 0.13 0.13 0.20 20.5 20.5 7.50 7:40 7.9 7.9 
8/29/2000 13 22:05 9:05 10:05 0.15 0.10 0.10 20.2 20.1 5:40 4:40 7.7 7.6 
8/30/2000 13 1:01 12:01 13:01 0.59 0.25 I 20.2 20.0 5.30 3.10 7.8 7.5 
8/30/2000 13 3:55 14:55 I I 15:55 0.12 0.12 19.6 3.10 7.5 
8/30/2000 13 6:33 17:33 18:33 0.10 0.10 19.5 2.50 7:4 
8/30/2000 13 9:50 20:50 21:50 0.06 0.06 20.1 4.90 7.6 
8/30/2000 13 13:33 1:33 0.08 0.08 
--+21.7 11.40 8:4 . 
8/30/2000 13 17:39 5:39 0.03 0.03 21.2 21.2 8.00 8.00 8.2 8.2 
8/30/2000 13 21:00 9:00 0.13 0.04 0.05 20.3 20.3 4.70 4:40 7.7 7.7 
8/31/2000 13 0:22 1:07 12:22 0.07 0.07 0.10 20.3 20.3 3.60 3.80 7.8 7.8 
8/31/2000 13 3:30 4:15 15:30 0.08 I 0.08 19.9 3.10 7.8 
8/31/2000 13 6:45 7:30 18:45 14:40 115.30 19.8 2.50 7.6 
8/31/2000 13 9:20 10:05 21:20 4.38 '4.35 I 19.6 3.20 7.5 
8/31/2000 13 13:18 14:03 1:18 0.13 0.14 20.3 7.10 ! 7.8 
8/31/2000 13 16:18 17:03 4:18 0.07 0.06 20.9 21.0 8.60 I 9.20 I 8.3 8.3 
8/31/2000 13 18:23 19:08 1 :01 6:23 0.06 0.06 20.5 7.26 I 8.1 
8/31/2000 13 20:52 21:37 3:30 8:52 5.80 5.91 4.22 20.2 20.3 5.77 5:41 8.1 8.1 
9/1/2000 13 0:27 7:05 12:27 2.04 1.66 20.0 1:40 
9/1/2000 13 3:40 10:18 15:40 0:46 0:47 19.8 3.22 7.6 
9/1/2000 13 6:18 12:56 18:18 0.21 0.22 I 19.7 3.07 7.9 
9/1/2000 13 9:06 15:44 21:06 0.12 0.11 I 19.9 I 3.70 7.9 
13 Min I 9.30 1:40 3.10 0.00 10.00 
13 Max I 21.0 21.7 I 21.2 0.0 0.0 I I 8.1 8:4 8.3 0.0 0.0 
--
....... 
----
I 
Appendix B App B-keystone field data 6/15/2001 
I Dye Temperature Dissolved Oxygen pH 
Dye Dye Dye Gen. 
Dump Dump Dump3 begin 
1 elap. 2 elap. elap. elap. 
Date Stat. Time time time time time surf. 1m 2m 3m 4m surf. 2 1m 2 2m2 3m2 4m2 surf. 1m 2m 3m 4m pH 1m 2m 3m 4m 
8/29/2000 14 13:10 0:10 1:10 0.05 0.05 20.8 I 20.8 7.70 I 7.80 ~B.OI R== 8/29/2000 14 13:38 0:38 1:38 7.00 5.68 I 
8/29/2000 15:22 3:22 3.39 1 
-
14 2:22 
8/29/2000 14 16:54 3:54 I 4:54 0.65 0.70 2.70 20.6 20.6 8.00 9.50 8.2' 8.1 
8/29/2000 14 18:34 5:34 I 6:34 0.16 0.20 0.37 20.6 20.6 7.40 7.40 8.0 8.01 
8/29/2000 14 21:53 8:53 9:53 0.19 0.15 0.09 0.09 20.2 20.1 20.1 20.1 5.80 5.50 5.40 5.40 7.7 7.7 7.7 7.7 
,8/30/2000 14 0:41 11 :41 12:41 0.12 0.10 0.11 0.10 19.9 19.9 19.9 5.00 4.80 4.80 7.6 7.6 7.6 
,8/30/2000 14 3:46 14:46 15:46 0.09 0.07 0.07 0.07 19.9 19.9 19.9 3.90 3.90 3.90 7.6 7.6 7.6 
8/30/2000 14 6:27 17:27 18:27 0.09 0.08 0.08 19.9 19.9 19.9 3.70 3.70 3.70 ! 7.5 7.5 7.5 
8/30/2000 14 9:43 20:43 21:43 0.07 0.06 0.07 20.4 20.4 20.4 5.80 5.60 1 5.60 7.7 7.7! 7.'7-
-
8/30/2000 14 13:27 1:27 0.05 0.05 21.3 21.3 '9.00 8.90 t- 8.2 8.21 8/30/2000 14 17:33 5:33 0.03 0.03 21.0 7.30 8.2 
8/30/2000 14 20:51 8:51 0.04 0.04 0.04 20.5 20.5 5.40 5.40 7.2 7.6 
8/31/2000 14 0:10 0:55 12:10 0.06 0.06 0.061 20.6 20.4 4.30 3.73 7.6 7.4 i 
8/31/2000 14 3:22 4:07 15:22 18.10 21.00 8.52 20.3 20.4 3.90 3.50 7.8 7.8 
8/31/2000 14 6:20 7:05 18:20 2.10 2.14 2.07 1.46 20.1 20.1 2.90 2.80 7.5 7.5 
8/31/2000 14 9:09 9:54 21:09 0.45 0.51 0.44 20.0 20.0 3.80 3.801 1 7.6 7.7 
8/31/2000 14 13:08 13:53 1:08 0.12 0.12 i 20.3 20.3 6.50 5.70 8.0 
8/31/2000 14 15:51 16:36 3:51 0.06 0.06 0.08 21.0 21.2 8.80 7.50 8.0 8.3 
8/31/2000 14 18:15 19:00 0:53 6:15 0.07 0.06 0.06 20.7 20.6 8.70 7.64 8.2 i 8.2 
'8/31/2000 14 20:45 21:30 3:23 8:45 2.10 3.85 5.59 20.3 20.3 6.53 6.32 8.1 I 8.1 
-
9/1/2000 14 0:21 6:59 1 12:21 0.17 0.17 0.22 20.3 20.3 4.90 4.69 
9/1/2000 14 3:24 I 10:02 15:24 0.13 0.12 0.13 0.13 20.0 20.1 20.1 4.57 4.49 4.40 7.6 7.4 7.5 
9/1/2000 I 14 6:09 12:47 18:09 0.12 0.11 0.11 19.9 1 20.0 4.15 4.14 1 7.9 7.8 
9/1/2000 i 14 8:53 15:31 20:53 0.09 0.17 0.09 0.D7 20.0 20.0 19.9 , 4.05 4.00 3.90 I 8.0 7.9 17.6 
14 Min 7.70 2.90 2.80 j 3.70 5.40 I 
, 
14Max 20.8 21.3 I 21.3 20.4 I 20.1 1 I I 8.0 8.2 I 8.3 I 7.7 7.7 
Appendix B App B-keystone field data 6/15/2001 
Dye Temperature Dissolved Oxygen pH 
Dye Dye Dye Gen. 
Dump Dump Dump 3 begin 
1 elap. 2 elap. elap. elap. 
Date Stat. Time time time time time surf. 1m 2m 3m 4m surf. 2 1m 2 2m2 3m2 4m2 surf. 1m 2m 3m 4m pH 1m 2m 3m 4m 
8/29/2000 15 14:16 1:16 2:16 0.04 I 22.3 I OOR 8.6 I 
8/29/2000 15 16:25 3:25 4:25 0.03 0.04 23.1 I 8.7 
8/29/2000 15 19:15 6:15 7:15 3.50 4.30 22.8 8.7 
8/29/2000 15 22:24 9:24 I 10:24 1.17 1.64 21.2 8.90 8.1 
8/30/2000 15 1 :16 12:16 13:16 1.45 1.05 21.0 6.50 7.8 
"-
8/30/2000 15 4:03 15:03 16:03 0.88 0.84 I 20.7 4.60 7.7 
8/30/2000 15 6:51 17:51 18:51 0.49 20.0 1.90 7.5 I 
8/30/2000 15 10:04 21:04 22:04 0.53 19.9 I 3.60 I 7.6 , 
8/30/2000 15 13:50 1:50 1.78 22.5 I 13.60 8.5 
8/30/2000 15 17:53 5:53 0.95 0.93 23.1 I 8.7 
8/30/2000 15 21 :10 9:10 0.58 0.18 21.8 I 8.40 8.4 
-
8/31/2000 15 0:39 1:24 I 12:39 0.23 0.21 21.1 I 6.50 8.2 
8/31/2000 15 3:44 4:29 15:44 0.21 0.19 20.5 4.10 7.9 
8/31/2000 15 6:57 7:42 18:57 0.14 0.16 19.8 2.20 7.7 
8/3112000 15 9:31 10:16 21:31 0.15 0.15 19.5 3.70 7.8 
8/31/2000 15 13:34 14:19 1:34 0.28 0.30 19.9 9.20 I 8.1 
8/31/2000 15 I 16:36 17:21 4:36 0.31 0.38 21.1 13.40 I 8.7 
8/31/2000 15 18:37 19:22 1 :15 6:37 0.18 0.14 I 21.4 13.96 8.8 I I 
8/31/2000 15 21:03 i 21:48 3:41 9:03 0.18 21.0 11.43 8.51 
9/1/2000 15 0:45 I I 7:23 12:45 1.81 1.68 20.2 ' 7.39 
9/1/2000 15 3:50 I 10:28 15:50 1.88 1.88 19.9 5.63 8.0 
9/1/2000 15 6:32 I i 13:10 18:32 1.42 19.6 3.41 7.9 
9/1/2000 I 15 9:16 I I 15:54 21:16 2.01 19.5 3.60 7.8 I 
15 Min I I I I 3.41 1.90 0.00 I 0.00 0.00 
15 Max I I I I 22.5 23.1 0.0 0.0 0.0 I 8.6 8.8 0.0 0.0 0.0 
Appendix B App B-keystone field data 6/15/2001 
Dye Temperature Dissolved Oxygen pH 
Dye Dye Dye Gen. 
Dump Dump Dump3 begin 
1 elap. 2 elap. elap. elap. 
Date Stat. Time time I time , time time surf. 1m 2m 3m 4m surf. 2 1m 2 2m2 3m2 4m2 surf. 1m 2m 3m 4m pH 1m 2m 3m 4m 
8/29/20001 16 I 13:50 0:50 1 1 1:50 0.04 0.04 21.1 21.1 19.50 9.70 I 8.1 8.2 
8/29/2000 16 16:34 3:34 I 4:34 8.58 8.71 8.80 21.1 21.1 9.60 9.60 8.2 8.2 
8/29/2000 16 19:21 6:21 7:21 0.53 0.48' 20.7 20.7 8.50 I 8.40 8.0 8.0 
8/29/2000 16 22:32 9:32 10:32 0.15 0.14 0.14 20.3 20.3 5.60 5.40 7.7 ' 7.7 
8/30/2000 16 1:23 12:23 ~:23 0.34 0.23 20.0 4.60 7.6 
8/30/2000 16 4:16 15:16 
.-
16:16 0.11 0.11 0.13 19.7 19.7 3.30 3.10 7.5 7.5 
8/30/2000 16 6:58 17:58 18:58 0.08 0.08 0.09 19.6 19.6 2.50 2.20 7.4 7.5 
8/30/2000 16 10:09 21:09 I 22:09 0.05 0.05 20.0 20.0 4.00 4.00 7.6 7.6 
8/30/2000 16 12:06 23:06, 0:06 0.21 20.0 I 4.30 7.6 
813012000 16 14:00 I 2:00 0.07 I 0.06 1 22.0 I 11.50 8.4 
8/30/2000 16 18:00 6:00 I 0.04 i 0.03 0.04 21.8 21.7 I 10.50 10.50 8.3 8.3 
8/30/2000 16 21:17 9:17 0.13 i 0.05 0.05 I 20.8 20.7 6.20 6.00 8.0 8.0 
8/31/2000 16 0:46 1:31 12:46 0.07 0.07 0.07 I 20.2 20.1 3.80 3.70 7.9 7.8 
8/31/2000 16 3:52 4:37 15:52 0.08 0.08 0.07 1 20.0 20.0 3.00 2.90 7.8 7.7 ! 
8/31/2000 16 7:03 7:48 19:03 22.60 22.701 19.8 19.9 2.40 2.30 7.7 7.6 I 
8/3112000 16 9:38 1 10:23 21:38 2.76 2.821 1 19.7 3.00 7.6 
8/31/2000 16 13:40 14:25 1:40 0.21 0.20 20.5 7.30 7.9 
8/31/2000 16 16:42 17:27 4:42 0.07 0.07 0.10 21.2 21.2 10.10 10.20 8.5 8.5 
8/31/2000 16 18:45 19:30 1:23 I 6:45 0.07 0.06 0.06 20.8 20.9 i 8.93 8.93 8.3 8.3 
8/31/2000 16 21:10 21:55 I 3:48 9:10 10.50 10.60 13.90 20.3 20.3 6.11 5.97, 8.1 8.0 
9/1/2000 16 0:48 7:26 12:48 1.33 1.33 1.62 20.0 20.1 4.43 3.73 ! 
9/1/2000 16 3:58 10:36 15:58 0.43 0.40 0.68 19.9 19.9 3.31 3.11 17.8 7.7 
9/1/2000 16 6:38 13:16 18:38 0.24 0.22 0.24 19.8 19.8 2.85 2.60 7.8 7.8 
9/1/2000 16 9:21 15:59 21:21 0.13 0.12 0.13 2.8 19.8 2.90 1.98 7.8 7.8 
16 Min I 0.00 2.40 1.98 5.40 ~o 
8:51 i.i~-o.o 16 Max I I 0.0 I 22.0 I 21.7 20.3 0.0 0.0 8.5 
Appendix B App B-keystone field data 6/15/2001 
~ ~ -
Dye Temperature Dissolved Oxygen pH 
Dye Dye Dye Gen. 
Dump DumplDump 3 begin 
I Stat. 1 
1 elap. 2 elap. elap. elap. 
Date Time time time time time surf. 1m 2m 3m 4m surf. 2 1m 2 2m2 3m2 4m2 surf. 1m 2m 3m 4m pH 1m 2m 3m 4m 
8/29/2000 17 13:44 0:44 1 :44 0.04 1 0.041 I 21.1 21.1 I 10.00 10.30 18.218.21 
I 8/29/2000 17 16:37 3:37 4:37 4.60 4.20 20.9 9.50 8.21 I 
8/29/2000 17 19:30 6:30 7:30 1.21 0.85 2.30 20.8 20.7 8.30 9.10 1 8.0 8~0· 
--
8/29/2000 17 22:40 9:40 10:40 0.44 0.33 0.26 20.4 20.3 6.10 5.60 7.8 7.7 
8/30/2000 17 1:31 12:31 13:31 0.26 0.23 0.24 20.0 20.0 1 4.60 4.10 7.6 7.7 
-
8/30/2000 17 4:22 15:22 16:22 0.12 0.11 0.14 19.9 19.8 1 3.60 3.10 7.5 7.5 
8/30/2000 17 7:07 18:07 19:07 0.11 0.12 19.7 19.8 2.80 2.50 7.5 7.5 
8/30/2000 17 10:15 21:15 22:15 0.07 0.07 20.3 5.00 I 7.7 
!8/30/2000 17 14:08 2:08 0.06 0.05 I 21.9 11.20 8.4 
8/3012000 17 18:06 6:06 0.06 0.03 0.04 21.3 21.3 8.50 8.80 8.1 I 8~ 1 
8/30/2000 17 21:23 9:23 0.09 0.06 0.05 20.6 20.6 5.40 4.60 7.91 7.9 
8/31/2000 17 0:51 1:36 12:51 0.06 0.06 0.06 20.4 20.4 4.10 4.10 7.9 17.9 
8/31/2000 17 4:03 4:48 16:03 0.19 0.20 0.16 20.3 20.3 3.50 3.10 7.8 7.8 
8/31/2000 17 7:15 8:00 19:15 3.91 3.64 20.0 I 2.80 7.8 
8/31/2000 17 9:45 10:30 21:45 1.12 1.19 20.0 I 3.50 7.6 
8/31/2000 17 13:45 14:30 1:45 0.20 0.21 20.6 7.80 7.8 
8/31/2000 17 16:50 17:35 4:50 0.11 0.10 0.11 21.1 21.1 9.20 8.70 8.4 8.4 
8/31/2000 17 18:50 19:35 1:28 6:50 0.13 0.12 0.11 20.8 20.7 9.52 8.37 8.3,8.3 
8/31/2000 17 21:15 22:00 3:53 9:15 5.12 4.98 3.60 20.4 20.4 6.48 6.38 8.1 I 8.1 
9/1/2000 17 0:57 7:35 1 12:57 0.55 0.54 0.67 20.2 20.2 4.86 4.60 I 
9/1/2000 17 4:06 10:44 16:06 0.30 0.29 0.29 20.0 20.0 4.02 3.20 7.8 7.6 
i 9/1/2000 17 6:44 13:22 18:44 0.21 0.22 0.22 19.8 19.9 3.61 3.02 7.81 7.8 
9/1/2000 17 9:26 16:04 21:26 0.14 0.15 0.15 19.9 19.9 ~ 3.53 2.99 7.9 7.9 
17 Min 
21.3 I 
I 0.00 2.80 2.50 0.00 0.00 I I 
0.0 I 
I 
17 Max 0.0 21.9 0.0 I 0.0 8.4 8.4 0.0' 0.0 
Appendix B App B-keystone field data 6/15/2001 
Dye Temperature Dissolved Oxygen pH 
Dye Dye Dye Gen. 
Dump Dump Dump 3 begin 
Stat. I 1 elap. 2 elap. elap. elap. Date Time time I time time time surf. 1m 2m 3m 4m surf. 2 1m 2 2m2 3m2 4m2 surf. 1m 2m 3m 4m pH 1m 2m 3m 4m 
8129/20001 18 14:24 1:24 2:24 0.02 0.02' 21.6 21.4 I 9.70 10.00 8.1 I 8.2 I 
8/29/2000 18 16:11 3:11 4:11 0.02 0.02 0.07 22.4 22.1 11.60 13.90 8.4 8.5 
8/29/2000 18 20:05 7:05 8:05 0.08 0.07 0.04 22.5 22.4 14.50 14.70 8.6 8.6 
8/29/2000 18 23:13 10:13 11: 13 4.00 6.00 6.72 22.1 21.6 12.50 10.40 8.4 8.2 i 
8/30/2000 18 2:04 13:04 14:04 5.20 4.20 3.55 21.4 21.2 9.60 8.50 8.2 8.0 
8/30/2000 18 . 4:49 15:49 16:49 2.82 2.80 2.31 21.1 7.90 8.0 
8/30/2000 18 7:36 18:36 19:36 2.25 2.24 20.8 4.80 7.7 
8/30/2000 18 10:38 21:38 22:38 1.60 0.74 20.4 3.40 7.6 
8/30/2000 18 14:32 2:32 1.24 1.24 22.0 21.3 7.80 10.00 7.9 8.2 
8/30/20001 18 18:33 6:33 1.86 1.86 1.88 22.9 22.9 12.40 12.30 8.6 8.6 
8/31/20001 18 1:20 2:05 I 13:20 0.58 0.45 21.9 9.50 8.7 
8/31/2000 18 4:30 5:15 16:30 0.48 0.47 21.5 20.9 6.20 5.44 8.4 8.2 
8/31/2000 18 7:52 8:37 19:52 0.36 0.35 20.7 4.10 7.7 
8/31/2000 18 10:10 I 10:55 22:10 0.21 0.13 19.7 3.80 7.6 
8/31/2000 18 14:24 I 15:09 2:24 0.16 0.16 0.28 20.3 20.2 8.10 8.30 8.1 8.2 
8/31/2000 18 17:20 18:05 5:20 0.33 0.30 0.25 20.8 20.5 10.10 10.60 8.4 8.4 
8/31/2000 18 19:23 20:08 2:01 7:23 0.23 0.22 0.28 21.2 20.7 '13.04 11.78 I 8.5 8.6 
8/31/20001 18 21:46 22:31 4:24 9:46 0.18 0.18 0.27 21.0 20.8 13.00
'
11.44 8.6 8.5 
9/1/2000 18 1:23 8:01 13:23 0.21 0.20 0.23 20.7 20.8 11.82 11.20 
9/1/2000 18 4:37 11 :15 16:37 0.20 0.23 20.4 I 9.401 I 8.3 I 
18 Min I 0.00 3.40 J 5.44 0.00 0.00 I 
18 Max 0.0 22.9 22.9 I 0.0 I 0.0 I 0.0 I 8.7 I 8.6 I 0.0 0.0 
Appendix B App B-keystone field data 6/15/2001 
1 Dye Temperature Dissolved Oxygen pH 
Dye Dye Dye Gen. 
Dump Dump Dump 3 begin 
1 elap. 2 elap. elap. elap. 
Date Stat. Time time time time time surf. 1m 2m 3m 4m surf. 2 1m 2 2m2 3m2 4m2 surf. 1m 2m 3m 4m pH 1m 2m 3m 4m 
812912000 19 14:37 1:37 2:37 0.03 0.02 0.02 21.3 21.0 21.0 10.90' 10.20 10.201 8.3 8.2 8.21 
8/29/2000 19 15:52 2:52 3:52 0.02 0.02 0.02 I 21.8 21.5 12.40 12.90 8.5 8.5 I 
8/29/2000 19 19:43 6:43 7:43 0.20 2.44 2.55 3.00 22.3 21.0 21.1 14.90 9.60 9.30 8.6 8.1 8.1 
8/29/2000' 19 22:57 9:57 1 10:57 5.00 2.00 0.76 0.69 21.4 20.5 20.5 10.70 6.80 6.60 8.3 7.8 7.8 
8/30/2000 19 1:49 12:49 13:49 3.55 1.30 0.67 0.67 20.8 20.3 20.3 8.00 5.70 5.40 8.0 7.7 7.7 
8/30/2000 19 4:37 15:37 16:37 2.74 1.37 0.56 20.6 20.2 20.2 7.10 4.70. 4.501 7.9 7.6 7.6 
8/30/2000 19 7:23 18:23 19:23 1.57 0.85 0.53 20.3 20.0 4.60 2.90 7.7 7.5 
8/30/2000 19 10:26 21:26 22:26 0.67 0.41 0.29 20.0 19.8 I 2.90 2.60 7.5 7.5 
8/30/2000 19 14:21 2:21 0.13 0.21 0.62 21.8 21.3 10.50 8.60 8.3 8.1 
8/30/2000 19 18:18 6:18 0.88 1.00 0.25 0.18 22.7 22.5 I 22.5 13.20 13.40 13.70 8.5 8.5 8.5 
8/30/2000 19 21:36 1 9:36 0.50 0.18 0.06 0.06 21.5 21.4 21.2 10.40 7.50 7.10 8.6 8.3 8.2 
8/31/2000 19 1:04 1:49 I 13:04 0.35 0.27 0.08 0.07 21.5 20.7 20.7 8.40 5.80 5.50 8.4 8.1 
8/31/2000 19 4:20 5:05 16:20 0.29 0.17 0.24 20.7 1 20.3 20.3 5.50! 4.50 4.30 8.2 8.0 
8/31/2000 19 7:43 8:28 19:43 0.25 0.24 0.24 20.4 20.5 20.5 4.60 4.60 4.50 8.0 7.9 8.0 
8/31/2000 19 10:01 10:46 I 22:01 0.16 0.13 0.10 20.0 20.0 3.70 3.70 7.8 7.7 
8/31/2000 19 17:05 17:50 5:05 0.21 0.15 0.48 1 21.1 20.7 9.90 10.10 8.4 8.4 
8/31/2000 19 19:07 19:52 1:45 7:07 0.25 0.22 0.23 0.38 21.2 20.8 20.6 11.33 12.01 8.98 8.5 8.5 8.5 
8/31/2000 19 21:31 22:16 4:09 9:31 0.29 I 0.20 0.16 0.17 20.9 20.7 20.7 9.64 8.42 8.47 8.4 8.4 8.3 
9/1/2000 19 1 :11 7:49 13:11 0.72 1.74 4.33 5.32 20.5 20.2 20.2 8.63 ' 6.30 5.30 ! 
9/1/2000 19 4:21 10:59 16:21 1.85 3.36 5.071 20.2 20.1 6.74 7.30 8.2 8.0 
9/1/2000 19 7:00 I 13:38 19:00 1.50 1.90 2.25 19.9 19.9 6.02 5.56 8.0 8.0 
9/1/2000 19 9:38 I 16:16 21:38 1.32 1.30 1.18 I 19.7 19.7 3.58 3.44 I 7.8 7.8 
19 Min I 1 1 
I 22.7 I 22.5 I 22.5 I 
0.00 2.90 2.60 4.30 0.00 
19 Max J 
- -----
1 I I 0.0 0.0 1 0.0 8.6 8.5 8.5 0.0 
Appendix B App B-keystone field data 6/15/2001 
I Dye Temperature Dissolved Oxygen pH 
Dye Dye Dye Gen. 
Dump Dump Dump 3 begin 
1 elap. 2elap. elap. elap. 
Date Stat. Time time time time time surf. 1m 2m 3m 4m surf. 2 1m 2 2m2 3m2 4m2 surf. 1m 2m 3m 4m pH 1m 2m 3m 4m 
812912000 20 14:08 ~ 2:08 0.04 0.04 0.04 21.1 21.0 21.0 ' 9.40 9.40 9.60 I 8.1 8.1 8.1 8/29/2000 20 15:12 2:12 3:12 0.02 0.03 0.04 8/29/2000 20 15:38 2:38 3:38 4.00 15.00 15.60 21.4 21.1 21.1 8.70 8.30 I 8.40 8.2 8.2 8.2 
8/29/2000 20 19:32 6:32 7:32 2.50 2.30 1.40 21.4 20.8 20.8 9.20 8.50 ! 8.10 8.3 8.0 8.0 
8/29/2000 20 22:48 9:48 10:48 3.77 3.00 0.55 0.52 21.2 20.4 20.4 10.40 6.10 5.90 8.3 7.8 7.7 
,8/30/2000 20 1:39 12:39 I 13:39 3.15 0.65 0.30 0.30 20.7 20.1 20.1 5.40 4.50 4.30 7.9 7.6 7.61 
8/3012000 20 4:30 15:30 16:30 0.90 0.15 0.13 0.16 19.8 19.8 3.20 3.20 17.5 7.5 I 
8/30/2000 20 7:16 18:16 19:16 0.10 0.10 0.09 19.6 19.6 2.60 2.40 7.5 7.5 
8/30/2000 20 10:21 21:21 22:21 0.04 0.04 0.05 19.8 19.8 3.10 3.10 I 7.5 7.5 
8/30/2000 20 14:15 2:15 0.06 0.05 0.05 21.7 11.10 8.3 
8/30/2000 20 18:12 6:12 0.03 0.03 0.03 21.8 21.7 21.7 9.60' 9.50 8.00 8.2 8.2 8.2 
8/30/2000 20 21:29 9:29 0.16 0.06 0.06 0.05 I 20.9 20.9 20.8 7.00 6.70 I 6.30 8.4 8.3 8.3 
j8/31/2000 20 0:58 1:43 12:58 0.07 I 0.06 20.3 4.10 7.9 
8/3112000 20 I 1:58 2:43 13:58 0.07 0.06 20.3 4.00 ,7.8 
8/31/2000 20 4:10 4:55 16:10 0.07 0.07 0.07 0.08 20.0 20.0 20.0 3.10 3.10 3.00 7.8 7.7 I 
,8/31/2000 20 7:33 8:18 19:33 22.40 21.60 21.30 19.9 19.9 2.60 2.50 i 7.7 7.7 I 
8/3112000 20 9:51 10:36 21 :51 10.00 10.10 10.50 19.8 19.8 2.90 2.90 7.6 7.6 ' 
8/31/20001 20 13:54 14:39 1:54 0.38 0.40 0.44 20.6 20.4 I 7.20 7.40 7.8 7.9 
8/31/2000 20 16:58 17:43 4:58 0.07 0.15 0.43 21.1 21.0 I 9.30 9.80 I 8.3 8.3 
8/31/2000 20 18:59 19:44 1:37 6:59 0.07 0.07 0.08 0.09 20.8 20.9 21.0 9.20 9.01 8.97 8.3 8.3 8.3 
8/31/2000 20 21:24 22:09 4:02 9:24 0.13 0.20 1.45 1.14 20.5 20.5 20.5 7.69 7.17 6.90 8.2 8.2 8.1 
9/1/2000 20 1:01 7:39 13:01 3.57 3.34 I 3.06 3.79 20.0 20.0 20.1 4.60 4.50 4.35 I I 
, 9/1/2000 20 4:13 10:51 16:13 0.49 0.40 0.48 19.8 19.9 3.50 3.50 7.8 7.9 
9/1/2000 20 6:53 13:31 18:53 0.23 0.24 0.25 19.8 19.8 2.90 2.84 7.8 7.8 
9/1/2000 20 7:12 I 13:50 19:12 0.73 0.73 20.0 16.281 I 8.1 
--
~ 
9/112000 20 9:33 16:11 21:33 0.17 0.16 0.17 19.7 19.7 2.67 2.51 7.8 7.8 
9/1/2000 20 9:50 16:28 21:50 0.97 1.01 19.8 4.55 I I 7.9 I 
20 Min 0.00 , 2.60 [ 2.40 I 3.00 10.00 I 
20 Max I 
----
. I 0.0 I 21.8 I 21.7 I 21.7 0.0 [ I I I 0.0 8.4 I 8.3 8.3 I 0.0 
Appendix B App B-keystone field data 6/15/2001 
I I I Dye Temperature Dissolved Oxygen pH 
I 
Dye Dye Dye Gen. 
Dump Dump Dump 3 begin 
1 elap. 2 elap.[ elap. elap. 
Date Stat. Time time time time time surf. 1m 2m 3m 4m surf. 2 1m2 2m2 3m2 4m2 surf. 1m 2m 3m 4m pH 1m 2m 3m 4m 
812912000 21 14:31 1 :31 2:31 0.02 0.02 I 0.05 21.5 21.4 I 9.00 9.50 ' 8.1 8.1 
8/29/2000 21 16:07 3:07 4:07 0.02 0.02 0.03 22.1 21.9 11.20 11.50 8.3' 8.3 
8/29/2000 21 19:55 6:55 7:55 0.04 0.04 5.00 22.4 22.1 13.10 12.90 8.5 8.4 
8/29/2000 21 23:07 10:07 11:07 4.80 3.00 1.85 21.4 21.0 9.70 8.50 8.2 8.1 
8/30/2000 21 1:58 12:58 13:58 2.56 1.55 1.08 21.0 20.8 I 7.60 6.60 8.0 7.8 
8/30/2000 21 4:44 15:44 16:44 1.42 1.32 1.06 20.7 20.6 6.10 5.60 7.8 7.7 
8/30/2000 21 7:31 18:31 19:31 1.25 1.29 20.6 4.80 7.7 
8/30/2000 21 10:33 21:33 I 22:33 0.60 0.50 0.51 20.2 20.0 3.70 I 4.10 7.6 7.6 
8/30/2000 21 14:26 2:26 1.00 0.95 0.57 22.7 21.2 8.00 11.20 I 8.0 8.3 ' 
8/30/2000 21 18:27 6:27 1.48 1.18 1.10 22.7 22.6 11.50 10.20 I 8.3 8.3 
8/31/2000 21- 1:14 1:59 13:14 0.16 0.16 0.12 21.3 21.3 7.40 6.70 ~ 8.3 8.2 
8/31/2000 21 4:25 5:10 16:25 20.9 20.8 I 5.80 5.70 8.1 8.0 I 
8/31/2000 21 7:47 8:32 19:47 0.19 0.20 0.19 20.3 20.2 I 4.00 3.60 7.8 I 7.6 i 
8/31/2000 21 10:05 10:50 22:05 0.16 0.16 0.15 19.9 19.9 3.70 4.00 7.6 I 7.6 I ! 
8/31/2000 21 14:17 15:02 2:17 0.12 0.15 0.18 20.4 20.2 7.50 8.30 I 8.0 8.2 
8/31/2000 21 17:14 17:59 5:14 0.18 0.15 0.16 20.6 20.5 9.40 11.60 ' 8.3 8.3 
8/31/2000 21 19:18 , 20:03 1:56 7:18 0.24 0.22 0.23 21.0 20.9 11.07 10.95 I 8.5 8.5 
8/31/2000 21 21:40 22:25 4:18 9:40 0.16 0.20 0.18 21.0 21.0 12.77 12.30 ,8.6 8.5 
9/1/2000 21 1:18 7:56 13:18 0.23 0.23 0.23 20.7 20.7 11.60 11.78 
9/1/2000 21 4:30 11:08 16:30 0.68 1.03 20.3 20.0 I 8.00 6.20 8.2 ' 8.1 
• 9/1/2000 21 7:06 13:44 19:06 1.45 1.46 1.69 19.9 19.9 4.92 4.46 7.9 7.9 
9/1/2000 21 9:43 16:21 21:43 1.55 1.30 1.13 19.8 19.7 3.89 3.76 7.9 7.8 
21 Min 0.00 3.70 3.60 0.00 0.00 I 
21 Max 0.0 22.7 22.6 0.0 0.0 0.0 18.6 8.5 0.0 0.0 
I 
Grand Max 23.3 23.1 22.9 22.5 20.1 8.9 8.8 8.6 8.5 7.7 
Grand Min I I 1.30 1.40 I 1.98 I 3.00 3.99 
Appendix B App B-keystone field data 6/15/2001 
APPENDIXD 
Total Phosphorus, Nitrate + Nitrite-Nitrogen, Total Nitrogen, and Chlorophyll a 
concentrations for samples collected in Lake Ogallala and Lake McConaughy during 8/29/00 - 8/31/00. Total Nitrogen concentrations include organic-N, NH4, NH3, N02--, and N03-- • 
Sample Code Total Phosphorus (f.lgll) Nitrate+Nitrite-Nitrogen (f.lgll) Total Nitrogen (f.lg/l) Chlorophyll a (f.lgll) 
1-8/29-1315-1700-1 49.57 66.00 1337.11 8.86 
1-8/29-1720-2105-1 46.97 68.00 1276.06 4.04 
1-8/29-2220-0005-1 39.19 55.00 1324.90 3.72 
1-8/30-0555-0955-1 26.22 89.00 1415.46 21.80 
1-8/30-1010-1215-1 44.38 111.00 1251.65 23.40 
1-8/30-1515-1815-1 26.22 missing data missing data missing data 
1-8/30-1755-2040-1 41.78 107.00 1276.06 5.06 
1-8/30-2055-2340-1 missing data 72.00 1215.02 5.68 
1-8/31-0045-0315-1 46.97 74.00 1245.54 5.54 
1-8/31-0330-0600-1 41.78 77.00 1050.20 6.28 
1-8/31-0615-1200-1 46.97 100.00 1294.38 10.44 
2-8/29-1430-1815-1 39.19 63.00 1312.69 4.90 
2 -8/29-1830-2215-1 36.60 64.00 1153.98 2.84 
2-8/29-2230-0215-1 36.60 66.00 1251.65 missing data 
2-8/30-0230-0600-1 36.60 53.00 1190.60 1.91 
2-8/30-0615-1000-1 39.19 89.00 1398.15 4.54 
2-8/30-1015-1315-1 missing data 60.00 1770.51 2.02 
2-8/30-1815-2100-1 23.63 92.00 1495.82 3.98 
2-8/30-2115-0000-1 34.00 61.00 1215.03 3.58 
2-8/31-0100-0330-1 44.38 66.00 1172.29 2.30 
2-8/31-0345-0615-1 34.00 77.00 1123.46 2.06 
2-8/31-0645-1230-1 49.57 68.00 1068.52 1.25 
2-8/31-1730-2315-1 49.57 48.00 1208.92 7.34 
1 + 2 -8/30-1400-1630-1 a 41.78 143.00 1233.33 4.60 
0.00 
3-8/29-1400-1800-8b 41.78 78.00 1068.52 2.88 
3-8/29-1400-1800-8 28.82 74.00 946.43 0.98 
3-8/29-1800-2145-1 c 41.78 72.00 1031.89 1.44 
3-8/29-1800-2200-8 39.19 84.00 1269.96 1.38 
3-8/29-2200-0200-8 34.00 70.00 1190.60 1.21 
3-8/30-0045-0215-1 36.60 62.00 1208.92 1.66 
Sample Code Total Phosphorus (JlglI) Nitrate+Nitrite-Nitrogen (JlglI) Total Nitrogen (JlglI) Chlorophyll a (Jlg/l) 
3-8/30-0200-0600-8 39.19 72.00 1190.60 1.39 
3-8/30-0230-0630-1 23.63 71.00 1135.66 1.34 
3-8/30-0600-1000-8 39.19 76.00 1166.19 1.75 
3-8/30-0645-1045-1 26.22 82.00 1385.94 1.07 
3-8/30-1000-1300-8 39.19 72.00 1251.65 5.12 
3-8/30-1100-1500-1 15.85 103.00 1819.35 1.96 
3-8/30-1515-1815-1 26.22 78.00 751.09 3.44 
3-8/30-1800-2200-8 34.00 75.00 1129.56 2.70 
3-8/30-1835-2120-1 26.22 78.00 1001.37 3.34 
3-8/30-2135-0020-1 34.00 83.00 1117.35 2.80 
3-8/30-2200-0100-1 31.41 95.00 1208.92 3.22 
3-8/31-0115-0345-1 31.41 85.00 989.16 1.91 
3-8/31-0200-0500-8 34.00 82.00 1202.81 1.99 
3-8/31-0400-0630-1 34.00 79.00 1099.04 1.90 
3-8/31-0600-1000-8 34.00 60.00 1215.02 2.16 
3-8/31-0700-1230-1 39.19 109.00 1971.96 1.29 
3-8/31-1100-.1300-8 28.82 107.00 1208.92 1.32 
3-8/31-1315-1715-1 28.82 89.00 1068.52 1.93 
3-8/31-1400-1800-8 23.63 71.00 1038.00 2.86 
3-8/31-1745-2330-1 31.41 77.00 1074.62 3.36 
3-8/31-1800-2100-8 31.41 84.00 1050.20 3.28 
3-8/31-2200-0100-8 28.82 97.00 1141.77 missing data 
3-9/1-0015-0600-1 26.22 71.00 1056.31 3.10 
3-9/1-0100-0500-8 21.03 58.00 915.91 missing data 
4-8/29-1400-1800-8 36.60 71.00 1282.17 2.82 
4-8/29-1800-2200-8 34.00 83.00 1489.71 21.80 
4-8/29-2200-0200-8 36.60 70.00 1471.40 1.29 
4-8/30-0200-0600-8 39.19 70.00 1318.79 1.16 
4-8/30-0600-1000-8 39.19 68.00 1196.71 1.71 
4-8/30-1000-1300-8 59.94 76.00 1404.25 28.20 
4-8/30-1400-1800-8 36.60 70.00 1129.56 4.76 
4-8/30-1800-2200-8 23.63 65.00 1471.40 4.30 
Sample Code Total Phosphorus (l1g/l) N itrate+ N itrite-N itroge n (l1g/l) Total Nitrogen (l1g/l) Chlorophyll a (l1g/l) 
4-8/30-2200-0100-8 24.00 92.00 1227.23 2.88 
4-8/31-0200-0500-8 39.19 86.00 1440.88 1.94 
4-8/31-0600-1000-8 36.60 78.00 1239.44 1.91 
4-8/31-1400-1800-8 34.00 73.00 1086.83 8.68 
4-8/31-1800-2100-8 39.19 86.00 1239.44 missing data 
4-8/31-2200-0100-8 39.19 69.00 1135.66 missing data 
4-9/1-0100-0500-8 36.60 66.00 1349.32 missing data 
5-8/31-1134-8 67.72 112.00 1245.54 24.20 
5-8/31-1140-8 62.54 90.00 1282.17 14.96 
5-8/31-1145-6 54.75 88.00 1227.23 27.00 
5-8/31-1150-4 62.54 110.00 952.53 22.00 
5-8/31-1155-2 75.51 92.00 1269.96 24.20 
5A-8/31-1100-8 49.57 132.00 1099.04 20.40 
5A-8/31-1101-2 65.13 109.00 1575.18 24.20 
5A-8/31-1105-4 75.51 84.00 1184.50 24.40 
5A-8/31-1120-6 59.94 86.00 1245.54 25.00 
5A-8/31-1125-8 70.32 78.00 1184.50 26.60 
7 -8/31-1220-8 109.23 90.00 1215.02 52.40 
7-8/31-1223-8 111.82 85.00 1050.20 78.80 
7-8/31-1233-6 88.48 87.00 1178.39 54.40 
7-8/31-1237-4 96.26 83.00 1056.31 66.80 
7 -8/31-1242-2 96.26 92.00 1068.52 65.60 
8-8/31-1210-7 119.60 99.00 1111.25 58.80 
8-8/31-1215-5 . 85.88 102.00 1190.60 64.40 
8-8/31-1220-3 88.48 149.00 1312.69 64.40 
8-8/31-1225-1 104.04 105.00 1367.63 69.20 
8-8/31-1227 -8 135.17 144.00 1837.66 65.20 
Sample Code 
MCL-8/31-1453-39 
MCL-8/31-1517-37 
MCL-8/31-1517-34 
MCL-8/31-1529-30 
MCL-8/31-1542-1 
MCL-8/31-1543-15 
MCL-8/31-1551-6 
MCL-8/31-1556-12 
MCL-8/31-1558-13.5 
Notes: 
Total Phosphorus (JlglI) 
117.01 
101.45 
111.82 
91.07 
28.82 
23.63 
28.82 
28.82 
21.03 
Nitrate+Nitrite-Nitrogen (JlglI) 
36.00 
38.00 
38.00 
38.00 
84.00 
98.00 
81.00 
71.00 
131.00 
Total Nitrogen (JlglI) 
2301.59 
2258.86 
2521.34 
1978.06 
848.76 
903.70 
928.12 
879.28 
915.91 
Chlorophyll a (JlgII) 
1.76 
1.88 
14.78 
2.40 
24.60 
19.34 
24.40 
21.60 
20.80 
aWater collected from 1400 to 1630 on 8/30 at stations 1 & 2 was accidentally combined. Therefore, the nutrientlchla concentrations 
for sample 1+2-8/30-1400-1630-1 represent an average of stations 1 &2. 
bSurface samples at Station 3 are composite grab samples collected by hand with a Van Dorn bottle. 
C1 meter samples at Station 3 are composite samples collected by an ISCO sampler. 
APPENDIXE 
Ammonium (NH4) and ammonia (NH3) concentrations for samples collected in Lake 
Ogallala and Lake McConaughy during 8/29/00 - 8/31/00. 
Sample Code pH Temp (0C) NH3 + NH4 (mg NIL) pK NH3 (mg NIL) NH4 (mg NIL) 58-8/30-1122-S 8.8 21.7 0.130 9.344146102 0.029 0.101 58-8/31-1123-S 8.5 20.2 0.300 9.391440647 0.034 0.266 
68-8/29-1220-S 8.6 21 0.141 9.366156894 0.021 0.121 
68-8/30-1148-S 8.4 20.9 0.200 9.369309844 0.019 0.181 
78-8/30-1141-S 8.4 21.2 0.381 9.359857419 0.038 0.344 
88-8/29-1313-S 8.7 21.3 0.300 9.356710889 0.054 0.246 
88-8/30-1134-S 8.6 21.7 0.176 9.344146102 0.027 0.149 
88-8/30-1353-S 8.8 22.2 0.205 9.328487953 0.047 0.158 
88-8/30-1539-S 8.6 21.8 0.324 9.341010227 0.050 0.274 
88-8/31-0533-S 7.7 19.9 0.413 9.400957626 0.008 0.405 
88-8/31-1134-S 8.5 20 0.247 9.397783137 0.028 0.219 
108-8/29-1207 -S 8.9 21.8 0.115 9.341010227 0.030 0.084 
108-8/30-1209-S 8.4 22 0.350 9.334744849 0.036 0.314 
118-8/30-1220-2 8.4 21.4 0.406 9.353566495 0.041 0.366 
118-8/30-1222-3 8.4 21.3 0.422 9.356710889 0.042 0.380 
128-8/29-1713-1 8.6 22.3 0.347 9.325362679 0.055 0.292 
128-8/29-1905-1 8.6 22.3 0.179 9.325362679 0.028 0.150 
128-8/30-0645-1 7.5 19.8 0.356 9.404134282 0.004 0.352 
128-8/30-0959-1 7.6 19.8 0.289 9.404134282 0.004 0.285 
128-8/30-1343-S 8.7 23.3 0.236 9.294225853 0.048 0.188 
128-8/30-1745-1 8.5 22.3 0.207 9.325362679 0.027 0.180 
128-8/31-1627 -1 8.5 21.3 0.285 9.356710889 0.035 0.250 
128-8/31-1830-1 8.4 21 0.399 9.366156894 0.039 0.360 
138-8/30-0635-1 7.4 19.5 0.511 9.413677268 0.005 0.506 
138-8/30-1333-1 8.4 21.7 0.151 9.344146102 0.015 0.135 
138-8/31-0645-1 7.6 19.8 0.433 9.404134282 0.007 0.426 
148-8/31-0625-2 7.5 20.1 0.394 9.394610811 0.005 0.389 
148-8/31-0630-1 7.5 20.1 0.385 9.394610811 0.005 0.380 
158-8/29-1420-S 8.6 22.3 0.023 9.325362679 0.004 0.019 
158-8/29-1625-1 8.7 23.1 0.031 9.30043641 0.006 0.025 
158-8/29-1915-1 8.7 22.8 0.048 9.309767977 0.010 0.039 
15 B-8/30-0651-1 7.5 20 0.408 9.397783137 0.005 0.403 
15B-8/30-1350-S 8.5 22.5 0.055 9.319118472 0.007 0.047 
Sample Code pH Temp (0C) NH3 + NH4 (mg NIL) pK NH3 (mg NIL) NH4 (mg NIL) 
158-8/30-1753-1 8.7 23.1 0.133 9.30043641 0.027 0.107 
158-8/30-211 0-1 8.4 21.8 0.161 9.341010227 0.017 0.145 
158-8/31-0657 -1 7.7 19.8 0.416 9.404134282 0.008 0.408 
158-8/31-1636-1 8.7 21.1 0.169 9.363006087 0.030 0.139 
158-8/30-1837 -1 8.8 21.4 0.246 9.353566495 0.054 0.192 
158-8/30-2103-1 8.5 21 0.330 9.366156894 0.040 0.290 
168-8/30-0658-1 7.4 19.6 0.450 9.4104941 0.004 0.446 
168-8/30-0659-2 7.5 19.6 0.458 9.4104941 0.006 0.452 
168-8/30-1400-1 8.4 22 0.402 9.334744849 0.042 0.360 
168-8/31-0352-1 7.8 20 0.438 9.397783137 0.011 0.427 
168-8/31-0352-2 7.7 20 0.434 9.397783137 0.009 0.426 
168-8/31-0705-1 7.7 19.8 0.452 9.404134282 0.009 0.443 
168-8/31-0708-2 7.6 19.9 0.442 9.400957626 0.007 0.435 
168-8/31-0939-1 7.6 19.7 0.341 9.407313106 0.005 0.336 
168-8/31-1642-1 8.5 21.2 0.381 9.359857419 0.046 0.335 
168-8/31-1642-2 8.5 21.2 0.381 9.359857419 0.046 0.335 
178-8/30-0707 -1.6 7.5 19.7 0.439 9.407313106 0.005 0.434 
178-8/30-1408-1 8.4 21.9 0.456 9.337876477 0.047 0.409 
178-8/31-0715-1 7.8 20 0.363 9.397783137 0.009 0.354 
178-8/31-1651-1 8.4 21.1 0.305 9.363006087 0.030 0.275 
178-8/31-1651-2 8.4 21.1 0.461 9.363006087 0.045 0.416 
188-8/29-1611-1 8.4 22.4 0.107 9.32223952 0.011 0.095 
188-8/29-1612-2 8.5 22.1 0.149 9.331615342 0.019 0.130 
188-8/29-2005-1 8.6 22.5 0.165 9.319118472 0.026 0.138 
188-8/29-2007 -2 8.6 22.4 0.163 9.32223952 0.026 0.137 
188-8/29-2313-1 8.4 22.1 0.377 9.331615342 0.039 0.337 
188-8/30-1833-1 8.6 22.9 0.180 9.306655354 0.030 0.151 
188-8/30-1835-2 8.6 22.9 0.161 9.306655354 0.027 0.135 
188-8/31-0120-1 8.66 21.9 0.296 9.337876477 0.051 0.244 
188-8/31-0430-1 8.4 21.5 0.310 9.350424233 0.031 0.278 
188-8/31-1720-1 8.4 20.8 0.254 9.372464937 0.024 0.229 
188-8/31-1721-2 8.4 20.5 0.293 9.381943104 0.028 0.265 
188-8/31-1925-1 8.5 21.2 0.269 9.359857419 0.033 0.236 
Sample Code pH Temp (0C) NH3 + NH4 (mg NIL) pK NH3 (mg NIL) NH4 (mg NIL) 188-8/31-1926-2 8.6 20.7 0.271 9.375622177 0.039 0.232 
198-8/29-1551-1 8.5 21.8 0.144 9.341010227 0.018 0.126 
198-8/29-1552-2 8.5 21.5 0.158 9.350424233 0.020 0.139 
198-8/29-1945-1 8.6 22.3 0.221 9.325362679 0.035 0.186 
198-8/30-0726-2 7.5 20 0.505 9.397783137 0.006 0.498 
198-8/30-1030-1 7.5 20 0.548 9.397783137 0.007 0.541 
198-8/30-1031-2 7.5 19.8 0.530 9.404134282 0.007 0.523 
198-8/30-1818-1 8.5 22.7 0.211 9.312882703 0.028 0.183 
198-8/30-1820-2 8.5 22.5 0.235 9.319118472 0.031 0.204 
198-8/30-1821-3 8.5 22.5 0.257 9.319118472 0.034 0.223 
198-8/31-0105-1 8.4 21.5 0.328 9.350424233 0.033 0.295 
198-8/31-1705-1 8.4 21.1 0.395 9.363006087 0.039 0.357 
198-8/31-1707-2 8.4 20.7 0.352 9.375622177 0.034 0.318 
198-8/31-1909-1 8.5 21.2 0.378 9.359857419 0.046 0.332 
198-8/31-1909-2 8.5 20.8 0.333 9.372464937 0.039 0.294 
198-8/31-1909-3 8.5 20.6 0.319 9.378781565 0.037 0.282 
198-8/31-2134-2 8.4 20.7 0.410 9.375622177 0.039 0.370 
198-8/31-2136-1 8.4 20.9 0.397 9.369309844 0.038 0.359 
208-8/30-0716-1 7.5 19.6 0.492 9.4104941 0.006 0.486 
208-8/30-0717-2 7.5 19.6 0.509 9.4104941 0.006 0.503 
208-8/30-2129-1 8.4 20.9 0.375 9.369309844 0.036 0.339 
208-8/31-0414-3 7.7 20 0.430 9.397783137 0.008 0.421 
208-8/31-0735-2 7.7 19.9 0.399 9.400957626 0.008 0.391 
208-8/31-0737 -1 7.7 19.9 0.352 9.400957626 0.007 0.345 
208-8/31-0951-1 7.6 19.8 0.416 9.404134282 0.006 0.409 
208-8/31-0952-2 7.6 19.8 0.410 9.404134282 0.006 0.403 
218-8/29-1955-1 8.5 22.4 0.122 9.32223952 0.016 0.106 
218-8/29-1957 -2 8.4 22.1 0.252 9.331615342 0.026 0.226 
218-8/31-0115-1 8.3 21.3 0.377 9.356710889 0.030 0.346 
21 8-8/31-1918-1 8.5 21 0.289 9.366156894 0.035 0.255 
21 8-8/31-1920-2 8.5 20.9 0.297 9.369309844 0.035 0.262 
218-8/31-2140-2 8.5 21 0.283 9.366156894 0.034 0.249 
21 8-8/31-2141-1 8.6 21 0.308 9.366156894 0.045 0.263 
Sample Code pH Temp rC) NH3 + NH4 (mg NIL) pK NH3 (mg NIL) NH4 (mg NIL) 
BL-8/29-1257 -2 No pH 19.4 0.472 
BL-8/29-1549-2 No pH 20.2 0.500 
BL-8/29-1851-2 No pH 20 0.508 
BL-8/30-1225-2 No pH 20.6 0.301 
BL-8/30-1507 -2 No pH 20.6 0.466 
BL-8/30-1815-2 No pH 20.4 0.428 
BL-8/30-2200-2 No pH 20.9 0.400 
BL-8/31-1220-2 No pH 19.9 0.358 
BL-8/31-1511-2 No pH 19.9 0.414 
1-8/29-1225-1 7.74 20.30 0.378 9.388272643 0.008 0.370 
1-8/29-1415-1 7.86 19.90 0.533 9.400957626 0.015 0.518 
1-8/29-1637 -1 7.84 20.20 0.686 9.391440647 0.019 0.667 
1-8/29-1833-1 7.86 20.10 0.558 9.394610811 0.016 0.542 
1-8/29-2030-1 8.00 20.00 0.439 9.397783137 0.017 0.422 
1-8/29-2240-1 7.90 19.90 0.434 9.400957626 0.013 0.421 
1-8/30-0110-1 7.80 20.00 0.324 9.397783137 0.008 0.316 
1-8/30-0305-1 7.79 20.00 0.353 9.397783137 0.009 0.345 
1-8/30-0502 -1 7.95 20.50 0.374 9.381943104 0.013 0.360 
1-8/30-0735-1 7.60 20.50 0.266 9.381943104 0.004 0.262 
1-8/30-0911-1 8.10 20.50 0.296 9.381943104 0.015 0.281 
1-8/30-1110-1 8.30 21.00 0.386 9.366156894 0.031 0.356 
1-8/30-1329-1 8.00 20.80 0.355 9.372464937 0.014 0.340 
1-8/30-1507 -1 8.30 20.90 0.480 9.369309844 0.038 0.442 
1-8/30-1705-1 7.80 20.50 0.372 9.381943104 0.009 0.363 
1-8/30-1914-1 7.80 20.50 0.503 9.381943104 0.013 0.490 
1/8/30-2053-1 7.90 20.70 0.475 9.375622177 0.015 0.460 
1-8/30-2321-1 7.90 20.60 0.502 9.378781565 0.016 0.485 
1-8/31-0113-1 7.90 20.50 0.484 9.381943104 0.015 0.469 
1-8/31-0308-1 7.90 20.40 0.450 9.385106796 0.014 0.436 
1-8/31-0506-1 7.90 20.30 0.442 9.388272643 0.014 0.428 
1-8/31-0723-1 8.00 20.30 0.431 9.388272643 0.017 0.414 
1-8/31-0951-1 8.00 20.40 0.375 9.385106796 0.015 0.360 
1-8/31-1109-1 8.10 20.50 0.375 9.381943104 0.019 0.357 
Sample Code pH Temp (0C) NH3 + NH4 (mg NIL) pK NH3 (mg NIL) NH4 (mg NIL) 
2-8/29-1244-8 8.40 21.20 0.129 9.359857419 0.013 0.116 
2-8/29-1455-8 8.00 20.50 0.208 9.381943104 0.008 0.200 
2-8/29-1623-8 8.20 20.50 0.581 9.381943104 0.036 0.545 
2-8/29-1816-8 8.00 20.40 0.424 9.385106796 0.017 0.407 
2-8/29-2024-1 7.60 20.10 0.450 9.394610811 0.007 0.443 
2-8/29-2235-1 7.50 19.90 0.416 9.400957626 0.005 0.411 
2-8/30-0117 -1 7.70 19.80 0.375 9.404134282 0.007 0.368 
2 -8/30-0313-1 7.71 19.70 0.372 9.407313106 0.007 0.365 
2-8/30-0511-1 7.69 19.70 0.402 9.407313106 0.008 0.394 
2 -8/3 0-0 722-8 7.20 19.90 0.338 9.400957626 0.002 0.336 
2-8/30-0900-1 7.60 20.20 0.297 9.391440647 0.005 0.292 
2-8/30-1100-1 8.20 21.30 0.294 9.356710889 0.019 0.275 
2-8/30-1311-2 8.50 21.70 0.177 9.344146102 0.022 0.155 
2-8/30-1450-2 8.40 21.50 0.233 9.350424233 0.024 0.210 
2-8/30-1715-1 8.00 21.10 0.327 9.363006087 0.014 0.313 
2-8/30-1906-1 7.90 20.80 0.441 9.372464937 0.014 0.426 
2-8/30-2046-1 7.80 20.30 0.548 . 9.388272643 0.014 0.535 
2-8/30-2315-1 8.00 20.40 0.464 9.385106796 0.018 0.446 
2-8/31-0120-1 7.80 20.30 0.450 9.388272643 0.011 0.439 
2-8/31-0316-1 7.80 20.20 0.428 9.391440647 0.011 0.418 
2-8/31-0512-8 7.70 20.10 0.433 9.394610811 0.009 0.424 
2-8/31-0713-8 7.80 19.80 0.444 9.404134282 0.011 0.433 
2-8/31-0942-8 7.80 20.00 0.380 9.397783137 0.009 0.371 
2-8/31-1101-8 8.20 20.30 0.378 9.388272643 0.023 0.355 
3-8/29-1400-8 7.94 20.74 0.095 9.374359023 0.003 0.092 
3-8/29-1600-8 8.29 21.53 0.094 9.349481971 0.008 0.087 
3-8/29-1800-8 8.53 21.92 0.132 9.337249982 0.018 0.114 
3-8/29-2000-8 8.56 21.97 0.183 9.335684115 0.026 0.157 
3-8/29-2200-8 8.38 21.48 0.364 9.351052515 0.035 0.329 
3-8/30-2400-8 8.21 20.96 0.282 9.367417817 0.018 0.263 
3-8/30-0200-8 8.10 20.73 0.417 9.374674779 0.021 0.396 
3-8/30-0400-8 7.98 20.57 0.402 9.379729801 0.015 0.386 
3-8/30-0600-8 7.94 20.48 0.472 9.38257567 0.016 0.455 
Sample Code pH Temp (0C) NH3 + NH4 (mg NIL) pK NH3 (mg NIL) NH4 (mg NIL) 
3-8/30-0800-8 7.82 20.26 0.216 9.389539586 0.006 0.210 
3-8/30-1000-8 7.66 20.09 0.356 9.394927946 0.006 0.350 
3-8/30-1200-8 7.67 21.46 0.335 9.351680882 0.007 0.328 
3-8/30-1400-8 8.04 21.22 0.375 9.359227942 0.017 0.358 
3-8/30-1600-8 8.41 21.93 0.341 9.336936766 0.036 0.305 
3-8/30-1800-8 8.62 22.41 0.289 9.32192732 0.048 0.241 
3-8/30-2000-8 8.62 22.57 0.083 9.316934994 0.014 0.069 
3-8/30-2200-8 8.53 22.09 0.302 9.331928197 0.041 0.261 
3-8/31-2400-8 8.53 21.94 0.183 9.336623571 0.025 0.159 
3-8/31-0200-8 8.33 21.35 0.210 9.355138425 0.018 0.192 
3-8/31-0400-8 8.18 21.04 0.238 9.364896314 0.015 0.223 
3-8/31-0600-8 8.05 20.70 0.258 9.375622177 0.012 0.247 
3-8/31-0800-8 7.87 20.31 0.257 9.387955961 0.008 0.249 
3-8/31-1 000-8 7.72 19.93 0.335 9.400005052 0.007 0.328 
3-8/31-1200-8 7.72 19.71 0.422 9.406995126 0.009 0.413 
3-8/31-1400-8 7.80 19.69 0.394 9.407631108 0.009 0.384 
3-8/31-1600-8 8.09 20.88 0.378 9.369940691 0.019 0.359 . 
3-8/31-1800-8 8.29 21.14 0.411 9.361746363 0.032 0.379 
3-8/31-2000-8 8.46 21.08 0.360 9.363636077 0.040 0.320 
3-8/31-2200-8 8.52 20.99 0.314 9.366472093 0.039 0.275 
4-8/29-1400-8 8.13 20.89 0.015 9.369625256 0.001 0.014 
4-8/29-1600-8 8.31 21.38 0.109 9.354195203 0.009 0.100 
4-8/29-1800-8 8.37 21.43 0.283 9.352623592 0.027 0.256 
4-8/29-2000-8 8.43 21.33 0.294 9.355767347 0.031 0.263 
4-8/29-2200-8 8.37 21.15 0.341 9.361431486 0.032 0.309 
4-8/30-2400-8 8.18 20.79 0.196 9.372780564 0.012 0.184 
4-8/30-0200-8 8.06 20.63 0.364 9.377833523 0.017 0.348 
4-8/30-0400-8 7.98 20.41 0.375 9.38479033 0.014 0.361 
4-8/30-0600-8 7.53 19.6 0.494 9.4104941 0.006 0.487 
4-8/30-0800-8 7.51 19.54 0.235 9.41240374 0.003 0.232 
4-8/30-1000-8 7.62 20.02 0.386 9.397148499 0.006 0.380 
4-8/30-1200-8 7.97 20.93 0.302 9.368363734 0.012 0.290 
4-8/30-1600-8 8.3 21.92 0.285 9.337249982 0.024 0.261 
Sample Code pH Temp (0C) NH3 + NH4 (mg NIL) pK NH3 (mg NIL) NH4 (mg NIL) 
4-8/30-1800-S 8A4 22.01 0.369 9.334431803 0.042 0.327 
4-8/30-2000-S 8.49 21.99 0.275 9.335057917 0.034 0.241 
4-8/30-2200-S 7.9 20.68 0.319 9.376253883 0.010 0.309 
4-8/31-2400-S 7.76 20.36 0.233 9.386372876 0.005 0.228 
4-8/31-0200-S 7.66 20.16 0.218 9.392708454 0.004 0.214 
4-8/31-0400-S 7.61 20.08 0.252 9.395245103 0.004 0.248 
4-8/31-0600-S 7.58 20.04 0.316 9.396513947 0.005 0.311 
4-8/31-0800-S 7.54 19.85 0.319 9A02545683 0.004 0.315 
4-8/31-1000-S No pH No Temp 0.319 
4-8/31-1200-S No pH No Temp OA25 
4-8/31-1400-S No pH No Temp 0.339 
4-8/31-1600-S No pH No Temp 0.358 
4-8/31-1800-S No pH No Temp OA17 
4-8/31-2000-S No pH No Temp OA10 
4-8/31-2200-S No pH No Temp 0.394 
5-8/31-1134-S 7.8 20.6 0.264 9.378781565 0.007 0.258 
5-8/31-1140-8 7.7 20A 0.327 9.385106796 0.007 0.320 
5-8/31-1145-6 7.8 20.6 0.305 9.378781565 0.008 0.297 
5-8/31-1150-4 7.8 20.6 0.302 9.378781565 0.008 0.294 
5-8/31-1155-2 7.8 20.6 0.294 9.378781565 0.008 0.287 
5A-8/31-1100-S 7.8 20.6 0.286 9.378781565 0.007 0.279 
5A-8/31-1101-2 7.8 20.6 0.316 9.378781565 0.008 0.308 
5A-8/31-1105-5 7.8 20.5 0.317 9.381943104 0.008 0.309 
5A-8/31-1120-6 7.8 20.5 0.313 9.381943104 0.008 0.305 
5A-8/31-1125-8 7.8 20.5 0.319 9.381943104 0.008 0.311 
7 -8/31-1223-S 8.00 21.20 0.199 9.359857419 0.008 0.191 
7 -8/31-1228-8 8.00 21.10 0.193 9.363006087 0.008 0.185 
7 -8/31-1233-6 8.00 21.20 0.183 9.359857419 0.008 0.176 
7 -8/31-1237-4 8.00 21.20 0.183 9.359857419 0.008 0.176 
7-8/31-1242-2 8.00 21.20 0.176 9.359857419 0.007 0.168 
MCL-8/31-1210-7 8.40 23.70 0.179 9.281829832 0.021 0.158 
MCL-8/31-1215-5 8AO 23.70 0.155 9.281829832 0.018 0.137 
MCL-8/31-1220-3 8.40 23.80 0.166 9.278736042 0.019 0.147 
Sample Code pH Temp (DC) NH3 + NH4 (mg NIL) pK NH3 (mg NIL) NH4 (mg NIL) 
MCL-8/31-1225-1 8.40 24.00 0.172 9.272554706 0.020 0.152 
MCL-8/31-1227 -s 8.40 24.20 0.169 9.266381681 0.020 0.149 
MCL-8/31-1329-30 7.50 15.60 0.268 9.53953964 0.002 0.265 
MCL-8/31-1453-39 7.70 15.00 0.252 9.559205321 0.003 0.249 
MCL-8/31-1506-37 7.65 15.10 0.218 9.555922025 0.003 0.215 
MCL-8/31-1517-34 7.50 15.10 0.230 9.555922025 0.002 0.228 
MCL-8/31-1543-15 7.60 22.70 0.123 9.312882703 0.002 0.121 
APPENDIXF 
Water temperature, specific conductance, percent saturation of dissolved oxygen, pH, and 
dissolved oxygen concentration data collected with a Hydrolab data logger (UNL) at 
station 1 in Lake Ogallala from 8/28/00 to 8/31/00. 
MiniSonde 4a 38063 
Log File Name: ogallala-4 
Setup Date (MMDDYY) : 082800 
Setup Time (HHMMSS) : 194423 
Starting Date (MMDDYY) : 082800 
Starting Time (HHMMSS) : 203000 
Stopping Date (MMDDYY) : 090100 
Stopping Time (HHMMSS) : 120000 
Interval (HHMMSS) : 001500 
Sensor warmup (HHMMSS) : 000100 
Circltr warmup (HHMMSS) : 000030 
Date Time Temp SpCond 00% pH IBatt DO 
MMDDYY HHMMSS 0C mS/cm Sat Units Volts mg/l 
82800 203000 21.31 0.0249 101.1 9.87 5.7 8.04 
82800 204500 .21.27 0.0284 101.8 9.85 5.7 8.1 
82800 210000 21.56 0.0144 105.6 9.85 5.7 8.35 
82800 211500 20.18 0.753 74.5 7.83 5.7 6.04 
82800 213000 20.1 0.754 74.5 7.86 5.6 6.05 
82800 214500 20.09 0.754 72 7.87 5.6 5.85 
82800 220000 20.09 0.754 69.8 7.86 5.6 5.67 
82800 221500 20.09 0.753 70.9 7.87 5.6 5.76 
82800 223000 20.23 0.753 74.1 7.91 5.6 6.01 
82800 224500 20.3 0.753 75.1 7.91 5.6 6.08 
82800 230000 20.32 0.753 74.6 7.91 5.6 6.03 
82800 231500 20.33 0.754 75.7 7.91 5.6 6.12 
82800 233000 20.38 0.753 77.7 7.9 5.6 6.28 
82800 234500 20.39 0.754 76.1 7.89 5.6 6.14 
82900 0 20.41 0.753 76 7.9 5.6 6.13 
82900 1500 20.41 0.753 74.7 7.9 5.6 6.03 
82900 3000 20.41 0.754 76.1 7.89 5.6 6.14 
82900 4500 20.42 0.753 75.2 7.89 5.6 6.07 
82900 10000 20.42 0.754 73.9 7.88 5.6 5.96 
82900 11500 20.4 0.754 75.9 7.88 5.6 6.13 
82900 13000 20.39 0.754 73.8 7.87 5.6 5.96 
82900 14500 20.36 0.754 73.5 7.87 5.6 5.94 
82900 20000 20.32 0.754 72.1 7.86 5.6 5.83 
82900 21500 20.29 0.754 73 7.86 5.6 5.91 
82900 23000 20.31 0.754 73.3 7.86 5.6 5.92 
82900 24500 20.29 0.754 70.5 7.84 5.6 5.7 
82900 30000 20.26 0.754 69.8 7.84 5.6 5.65 
82900 31500 20.23 0.754 68.5 7.84 5.6 5.54 
82900 33000 20.23 0.754 68.1 7.82 5.6 5.52 
82900 34500 20.17 0.754 67.4 7.81 5.6 5.46 
82900 40000 20.17 0.754 65.9 7.8 5.6 5.34 
82900 41500 20.18 0.754 66.4 7.81 5.6 5.39 
82900 43000 20.17 0.754 69.5 7.83 5.6 5.64 
82900 44500 20.2 0.754 68.6 7.82 5.6 5.56 
82900 50000 20.19 0.754 68.4 7.83 5.6 5.54 
82900 51500 20.18 0.754 . 63.8 7.81 5.6 5.17 
82900 53000 20.15 0.754 66.9 7.81 5.6 5.43 
82900 54500 20.15 0.754 67.8 7.82 5.6 5.5 
82900 60000 20.15 0.754 66.8 7.81 5.6 
5.42 
82900 61500 20.16 0.754 66.7 7.81 5.6 
5.41 
82900 63000 20.14 0.754 66.3 7.8 5.6 
5.38 
82900 64500 20.15 0.754 68.1 7.81 5.6 
5.53 
82900 70000 20.12 0.754 67 7.81 5.6 
5.44 
82900 71500 20.11 0.754 63.9 7.79 5.5 
5.19 
82900 73000 20.11 0.754 65.6 7.8 5.5 
5.33 
82900 74500 20.12 0.754 65.4 7.8 5.6 
5.31 
82900 80000 20.1 0.754 64.8 7.79 5.6 
5.26 
82900 81500 20.11 0.754 64.4 7.79 5.5 
5.23 
82900 83000 20.13 0.755 66 7.79 5.5 
5.36 
82900 84500 20.12 0.754 64.4 7.79 5.5 
5.23 
82900 90000 20.14 0.755 68.4 7.81 5.5 5.55 
82900 91500 20.16 0.755 69.2 7.82 5.5 5.61 
82900 93000 20.18 0.754 69.5 7.82 5.5 5.64 
82900 94500 20.2 0.755 70.3 7.82 5.5 5.69 
82900 100000 20.19 0.755 69.8 7.82 5.5 5.66 
82900 101500 20.16 0.755 68.2 7.8 5.5 5.53 
82900 103000 20.16 0.755 66.7 7.79 5.5 5.41 
82900 104500 20.17 0.755 66.8 7.79 5.5 5.42 
82900 110000 20.18 0.755 67.8 7.8 5.5 5.5 
82900 111500 20.19 0.755 66.8 7.8 5.5 5.41 
82900 113000 20.18 0.755 67.1 7.79 5.5 5.44 
82900 114500 20.17 0.756 65.4 7.78 5.5 5.3 
82900 120000 20.15 0.756 64.3 7.76 5.5 5.22 
82900 121500 20.1 0.756 57.3 7.73 5.5 4.65 
82900 123000 20.06 0.756 60.9 7.74 5.5 4.95 
82900 124500 20.03 0.756 59.5 7.74 5.5 4.84 
82900 130000 19.99 0.756 59.3 7.73 5.4 4.82 
82900 131500 19.51 0.757 75 7.83 5.5 6.16 
82900 133000 19.61 0.757 73 7.83 5.5 5.99 
82900 134500 19.7 0.756 76.2 7.86 5.5 6.23 
82900 140000 19.73 0.756 77.2 7.86 5.4 6.32 
82900 141500 19.72 0.756 77.3 7.86 5.4 6.33 
82900 143000 19.73 0.756 78.9 7.86 5.4 6.46 
82900 144500 19.82 0.755 78.1 7.87 5.4 6.38 
82900 150000 19.87 0.755 77.9 7.86 5.4 6.36 
82900 151500 19.93 0.755 78.1 7.86 5.4 6.37 
82900 153000 19.85 0.755 76.9 7.85 5.4 6.28 
82900 154500 19.94 0.755 76.6 7.85 5.4 6.24 
82900 160000 19.93 0.755 75.1 7.84 5.4 6.12 
82900 161500 19.95 0.755 73.7 7.83 5.4 6 
82900 163000 20 0.754 76.7 7.85 5.4 6.24 
82900 164500 19.99 0.755 74.1 7.83 5.4 6.03 
82900 170000 20.03 0.754 76.6 7.85 5.4 
6.23 
82900 171500 20.04 0.755 78.5 7.85 5.4 6.38 
82900 173000 20.06 0.755 78.2 7.84 5.4 6.35 
82900 174500 20.04 0.755 79.9 7.85 5.4 6.5 
82900 180000 20 0.754 80.7 7.86 5.4 6.57 
82900 181500 19.95 0.755 80.7 7.86 5.4 6.57 
82900 183000 19.94 0.755 81 7.86 5.4 6.6 
82900 184500 19.94 0.755 79.9 7.85 5.4 6.51 
82900 190000 19.92 0.755 81.4 7.85 5.4 6.63 
82900 191500 19.94 0.755 79.2 7.85 5.4 6.45 
82900 193000 19.9 0.754 76.2 7.84 5.4 6.21 
82900 194500 19.83 0.753 78.9 7.85 5.4 6.44 
82900 200000 19.84 0.755 76.3 7.85 5.4 6.23 
82900 201500 19.81 0.755 77.9 7.84 5.4 6.36 
82900 203000 19.8 0.755 76.4 7.84 5.4 6.24 
82900 204500 19.82 0.755 76.6 7.85 5.4 6.25 
82900 210000 19.82 0.755 76.8 7.85 5.4 6.28 
82900 211500 19.76 0.755 73.9 7.84 5.4 6.04 
82900 213000 19.79 0.754 70.7 7.85 5.4 5.78 
82900 214500 19.78 0.755 70.9 7.84 5.4 5.79 
82900 220000 19.78 0.754 68.9 7.82 5.3 5.63 
82900 221500 19.76 0.754 64.6 7.8 5.3 5.28 
82900 223000 19.76 0.754 61.2 7.82 5.4 5.01 
82900 224500 19.79 0.755 59.4 7.8 5.4 
4.85 
82900 230000 19.77 0.754 62.1 7.79 5.3 
5.08 
82900 231500 19.77 0.754 61.4 7.76 5.4 
5.02 
82900 233000 19.78 0.755 63.3 7.79 5.3 
5.17 
82900 234500 19.78 0.754 62.2 7.78 5.3 
5.08 
83000 0 19.82 0.755 61.7 7.79 5.4 
5.04 
83000 1500 19.86 0.755 62.1 7.8 5.3 
5.07 
83000 3000 19.86 0.755 61.8 7.79 5.3 
5.04 
83000 4500 19.87 0.755 59.1 7.79 5.3 
4.82 
83000 10000 19.86 0.755 58.3 7.79 5.3 
4.75 
83000 11500 19.84 0.755 62.8 7.8 5.3 
5.12 
83000 13000 19.84 0.755 60.1 7.79 5.3 
4.91 
83000 14500 19.82 0.755 56.9 7.79 5.3 
4.64 
83000 20000 19.81 0.755 59.4 7.78 5.3 4.85 
83000 21500 19.83 0.755 60.6 7.79 5.3 4.95 
83000 23000 19.83 0.755 57.9 7.78 5.3 4.73 
83000 24500 19.83 0.755 58.2 7.78 5.3 4.75 
83000 30000 19.84 0.755 59.9 7.79 5.3 4.89 
83000 31500 19.95 0.755 61.5 7.79 5.3 5.01 
83000 33000 20.1 0.755 67.6 7.84 5.3 5.49 
83000 34500 20.15 0.755 68.3 7.86 5.3 5.54 
83000 40000 20.24 0.755 71.5 7.89 5.3 5.79 
83000 41500 20.25 0.755 70.5 7.89 5.3 5.71 
83000 43000 20.26 0.755 72.8 7.91 5.3 5.9 
83000 44500 20.27 0.755 73 7.91 5.3 5.91 
83000 50000 20.36 0.755 78.4 7.95 5.3 6.34 
83000 51500 20.37 0.755 76.8 7.95 5.3 6.2 
83000 53000 20.44 0.755 81.3 7.98 5.3 6.56 
83000 54500 20.44 0.755 83.8 7.98 5.3 6.76 
83000 60000 20.47 0.755 86 7.99 5.3 6.94 
83000 61500 20.47 0.755 84.6 7.98 5.3 6.82 
83000 63000 20.47 0.755 85.4 7.99 5.3 6.89 
83000 64500 20.47 0.755 85.2 8 5.3 6.86 
83000 70000 20.46 0.755 85.7 7.99 5.3 6.91 
83000 71500 20.44 0.755 83.8 7.99 5.3 6.76 
83000 73000 20.39 0.755 82.5 7.97 5.3 6.66 
83000 74500 20.37 0.755 81.4 7.96 5.3 
6.58 
83000 80000 20.37 0.755 80.7 7.95 5.3 6.52 
83000 81500 20.35 0.755 80.9 7.95 5.3 
6.53 
83000 83000 20.36 0.755 80.3 7.95 5.3 6.48 
83000 84500 20.35 0.755 82.8 7.94 5.3 6.69 
83000 90000 20.38 0.756 85.3 7.97 5.3 6.89 
83000 91500 20.42 0.757 85.3 7.99 5.3 6.88 
83000 93000 20.47 0.756 89.4 8.02 5.3 7.21 
83000 94500 20.49 0.756 90.9 8.02 5.3 7.33 
83000 100000 20.5 0.755 91.5 8.02 5.3 7.37 
83000 101500 20.57 0.755 93.7 8.04 5.3 7.53 
83000 103000 20.56 0.755 93.7 8.02 5.3 7.54 
83000 104500 20.7 0.755 98.4 8.09 5.3 7.9 
83000 110000 20.69 0.755 103 8.09 5.3 8.27 
83000 111500 20.93 0.752 106.3 8.18 5.3 8.49 
83000 113000 20.79 0.755 105.4 8.12 5.3 8.44 
83000 114500 20.8 0.755 102.3 8.12 5.3 8.19 
83000 120000 20.7 0.756 99.4 8.06 5.3 7.98 
83000 121500 20.41 0.757 84.9 7.92 5.3 6.85 
83000 123000 20.35 0.756 80.4 7.87 5.3 6.5 
83000 124500 20.33 0.743 77.9 7.86 5.3 6.29 
83000 130000 20.2 0.745 71.7 7.81 5.3 5.81 
83000 131500 20.37 0.753 76 7.85 5.3 6.14 
83000 133000 20.46 0.753 75 7.85 5.3 6.05 
83000 134500 20.61 0.753 75.5 7.87 5.3 6.07 
83000 140000 20.71 0.753 76.3 7.89 5.3 6.12 
83000 141500 20.7 0.75 78.3 7.9 5.3 6.29 
83000 143000 20.61 0.753 79.3 7.85 5.3 6.38 
83000 144500 20.61 0.753 80.3 7.88 5.3 6.45 
83000 150000 20.56 0.751 80.1 7.88 5.3 6.44 
83000 151500 20.52 0.754 .80.4 7.88 5.2 
6.47 
83000 153000 20.47 0.754 78.7 7.87 5.3 
6.34 
83000 154500 20.43 0.754 79.7 7.87 5.3 
6.43 
83000 160000 20.44 0.754 77.8 7.87 5.2 
6.28 
83000 161500 20.37 0.751 78.2 7.87 5.3 
6.31 
83000 163000 20.35 0.754 79.4 7.87 5.3 
6.41 
83000 164500 20.25 0.755 76.9 7.85 5.3 
6.22 
83000 170000 20.17 0.754 77.3 7.85 5.3 
6.27 
83000 171500 20.22 0.754 76.5 7.85 5.3 
6.2 
83000 173000 20.12 0.755 78 7.84 5.3 
6.33 
83000 174500 20.04 0.755 76.2 7.84 5.3 
6.19 
83000 180000 20.07 0.754 74.8 7.85 5.3 
6.08 
83000 181500 20.12 0.754 73.7 7.85 5.3 
5.98 
83000 183000 20.21 0.755 77.3 7.86 5.3 
6.26 
83000 184500 20.09 0.754 73.8 7.84 5.3 
5.99 
83000 190000 20.22 0.754 73.1 7.85 5.3 5.93 
83000 191500 20.19 0.754 74.4 7.84 5.3 6.03 
83000 193000 20.26 0.754 73.3 7.84 5.3 5.93 
83000 194500 20.3 0.753 71.6 7.84 5.3 5.79 
83000 200000 20.34 0.754 73.5 7.83 5.3 5.94 
83000 201500 20.38 0.754 72.9 7.83 5.3 5.89 
83000 203000 20.4 0.754 73.8 7.84 5.3 5.96 
83000 204500 20.44 0.754 71.5 7.83 5.3 5.77 
83000 210000 20.47 0.753 69.5 7.83 5.3 5.6 
83000 211500 20.47 0.753 67.2 7.82 5.3 5.42 
83000 213000 20.44 0.753 64.4 7.81 5.3 5.19 
83000 214500 20.46 0.754 69.9 7.82 5.3 5.64 
83000 220000 20.43 0.754 69.1 7.81 5.3 5.58 
83000 221500 20.42 0.754 68.8 7.81 5.3 5.55 
83000 223000 20.42 0.754 68 7.82 5.3 5.49 
83000 224500 20.45 0.753 66.5 7.81 5.3 5.37 
83000 230000 20.46 0.753 65.6 7.81 5.3 5.29 
83000 231500 20.45 0.754 65.7 7.8 5.3 5.3 
83000 233000 20.43 0.753 65.2 7.81 5.3 5.26 
83000 234500 . 20.43 0.753 62.1 7.8 5.3 5.01 
83100 0 20.42 0.754 63.6 7.79 5.3 5.13 
83100 1500 20.42 0.753 62.7 7.8 5.3 5.06 
83100 3000 20.41 0.754 65.5 7.79 5.3 5.29 
83100 4500 20.41 0.751 61.7 7.79 5.3 4.98 
83100 10000 20.38 0.754 59 7.79 5.3 4.76 
83100 11500 20.34 0.754 61.5 7.78 5.3 4.97 
83100 13000 20.29 0.755 65.5 7.78 5.3 5.3 
83100 14500 20.29 0.755 65.1 7.78 5.3 5.26 
83100 20000 20.28 0.755 63 7.78 5.2 5.1 
83100 21500 20.25 0.75 57.7 7.77 5.3 4.67 
83100 23000 20.22 0.749 55.4 7.77 5.3 4.49 
83100 24500 20.23 0.755 60.6 7.71 5.2 4.91 
83100 30000 20.22 0.755 59.9 7.77 5.3 4.85 
83100 31500 20.2 0.755 62.5 7.78 5.2 5.07 
83100 33000 20.22 0.755 64.3 7.78 5.3 5.21 
83100 34500 20.18 0.755 61.1 7.78 5.2 4.96 
83100 40000 20.17 0.755 61 7.77 5.3 4.94 
83100 41500 20.16 0.755 59.5 7.78 5.2 4.83 
83100 43000 20.19 0.755 62 7.78 5.3 5.02 
83100 44500 20.19 0.756 63.3 7.78 5.2 5.13 
83100 50000 20.19 0.755 59.9 7.77 5.2 4.86 
83100 51500 20.18 0.755 61.3 7.78 5.3 4.97 
83100 53000 20.18 0.755 63.2 7.78 5.2 5.13 
83100 54500 20.17 0.751 63.2 7.79 5.2 5.12 
83100 60000 20.17 0.756 62.8 7.79 5.2 5.09 
83100 61500 20.18 0.756 66.2 7.8 5.2 5.37 
83100 63000 18.43 0.739 48.1 7.77 5.2 4.04 
83100 64500 17.49 0.754 50.8 7.75 5.2 4.35 
83100 70000 16.57 0.754 46.6 7.74 5.2 4.07 
83100 71500 16.59 0.751 47 7.76 5.1 4.1 
Recovery finished at 083100072246 
APPENDIXG 
Water temperature, specific conductance, percent saturation of dissolved oxygen, pH, and dissolved oxygen concentration data collected with a Hydrolab data logger (UNL) at 
station 2 in Lake Ogallala from 8/28/00 to 9/1/00. 
MiniSonde 4a 38065 
Log File Name: ogallala-3 
Setup Date (MMDDYY) : 082800 
Setup Time (HHMMSS) : 185446 
Starting Date (MMDDYY) : 082800 
Starting Time (HHMMSS) : 203000 
Stopping Date (MMDDYY) : 090100 
Stopping Time (HHMMSS) : 120000 
Interval (HHMMSS) : 001500 
NOTE: Probes were out of the water from 1700 to 1900 on 8/30!!!! 
Sensor warmup (HHMMSS) : 000100 
Circltr warmup (HHMMSS) : 000030 
Date Time 
MMDDYY HHMMSS 
Temp 
0C 
Time changed from 082800 185511 to 082800 195400 
82800 ·203000 21.29 
82800 204500 21.63 
82800 210000 20.54 
82800 211500 20.53 
82800 213000 20.48 
82800 214500 20.47 
82800 220000 20.45 
82800 221500 20.42 
82800 223000 20.39 
82800 224500 20.38 
82800 230000 20.34 
82800 231500 20.32 
82800 233000 20.26 
82800 234500 20.22 
82900 0 20.17 
82900 1500 20.16 
82900 3000 20.1 
SpCond 00% pH 
mS/cm Sat Units 
0 151.8 10 
0 151.8 9.99 
0.752 99.9 7.95 
0.752 95.8 7.93 
0.752 95 7.92 
0.752 89.3 7.9 
0.752 85.7 7.87 
0.752 85.7 7.88 
0.753 84.9 7.87 
0.753 80.6 7.85 
0.753 79.5 7.84 
0.753 75.2 7.81 
0.753 73.7 7.8 
0.753 71.1 7.79 
0.753 71.6 7.79 
0.754 66.5 7.76 
0.754 66 7.77 
IBatt DO 
Volts mgll 
5.9 12.08 . 
5.9 12 
5.7 8.04 
5.8 7.72 
5.8 7.66 
5.8 7.2 
5.8 6.91 
5.7 6.91 
5.8 6.85 
5.7 6.51 
5.7 6.42 
5.7 6.08 
5.7 5.96 
5.7 5.76 
5.7 5.8 
5.7 5.39 
5.7 5.36 
82900 4500 20.06 0.754 63.7 7.75 5.7 5.18 
82900 10000 20.01 0.754 62.4 7.75 5.7 5.07 
82900 11500 19.97 0.754 60.1 7.73 5.6 4.89 
82900 13000 19.93 0.754 57.1 7.72 5.7 4.65 
82900 14500 19.9 0.755 55.7 7.7 5.7 4.54 
82900 20000 19.88 0.755 54.5 7.7 5.6 4.45 
82900 21500 19.81 0.755 54.3 7.72 5.6 4.44 
82900 23000 19.81 0.755 53.7 7.7 5.7 4.39 
82900 24500 19.87 0.755 56.8 7.72 5.7 4.63 
82900 30000 19.89 0.755 58.1 7.72 5.7 4.73 
82900 31500 19.88 0.755 60.2 7.72 5.6 4.91 
82900 33000 19.87 0.755 48.5 7.69 5.6 3.96 
82900 34500 19.97 0.755 53.5 7.7 5.7 4.36 
82900 40000 20.01 0.754 42.6 7.67 5.7 3.47 
82900 41500 20 0.754 31.4 7.61 5.7 2.56 
82900 43000 20.02 0.754 36.9 7.62 5.7 3 
82900 44500 20.03 0.754 32.4 7.59 5.7 2.64 
82900 50000 20.02 0.757 27.8 7.61 5.7 
2.26 . 
82900 51500 20 0.75 17.6 7.57 5.7 1.43 
82900 53000 20 0.757 17.3 7.53 5.7 1.4 
82900 54500 20 0.756 3.1 7.43 5.6 0.25 
82900 60000 19.96 0.756 23.3 7.53 5.8 
1.89 
82900 61500 19.95 0.76 2 7.43 5.7 0.16 
82900 63000 19.93 0.763 1.6 7.42 5.7 0.13 
82900 64500 19.88 0.76 15.8 7.52 5.7 1.29 
82900 70000 19.86 0.764 4.2 7.49 5.6 
0.34 
82900 71500 19.82 0.779 1.1 7.46 5.7 
0.09 
82900 73000 19.81 0.775 0.5 7.46 5.7 0.04 
82900 74500 19.8 0.775 0.2 7.39 5.6 0.02 
82900 80000 19.78 0.806 0.4 7.37 5.6 0.03 
82900 81500 19.77 0.803 0.2 7.34 5.7 0.02 
82900 83000 19.73 0.799 0.5 7.31 5.7 0.04 
82900 84500 19.71 0.805 0.3 7.29 5.7 0.02 
82900 90000 19.67 0.799 0.5 7.27 5.6 0.04 
82900 91500 19.65 0.801 0.3 7.22 5.7 0.02 
82900 93000 19.62 0.819 0.2 7.18 5.6 0.01 
82900 94500 19.59 0.818 0.4 7.2 5.7 0.03 
82900 100000 19.6 0.816 0.3 7.23 5.6 0.03 
82900 101500 19.57 0.828 0 7.18 5.6 0 
82900 103000 19.54 0.831 0.3 7.19 5.6 0.02 
82900 104500 19.5 0.841 0.3 7.17 5.7 0.02 
82900 110000 19.47 0.848 0.6 7.19 5.7 0.05 
82900 111500 19.46 0.851 0.2 7.17 5.7 0.02 
82900 113000 19.44 0.855 0.2 7.16 5.7 0.02 
82900 114500 19.41 0.86 0.4 7.14 5.7 0.03 
82900 120000 19.39 0.863 0.5 7.15 5.6 0.04 
82900 121500 19.34 0.906 0.8 7.15 5.7 0.07 
82900 123000 19.33 0.902 0.8 7.15 5.7 0.07 
82900 124500 19.35 0.916 0.8 7.13 5.7 0.07 
82900 130000 19.55 0.922 0.8 7.1 5.6 0.06 
82900 131500 20.02 0.912 0.3 7.09 5.7 0.03 
82900 133000 20.59 0.763 5 7.24 . 5.6 0.4 
82900 134500 20.61 0.758 31.8 7.51 5.7 2.56 
82900 140000 20.36 0.758 45.5 7.68 5.7 3.68 
82900 141500 20.24 0.755 101.4 8.04 5.6 8.21 
82900 143000 20.24 0.755 95.3 8.02 5.7 7.72 
82900 144500 20.24 0.754 104.5 8.09 5.6 8.46 
82900 150000 20.33 0.755 93 8.11 5.6 7.51 
82900 151500 20.35 0.754 111.2 8.11 5.6 8.98 
82900 153000 20.32 0.754 109.3 8.13 5.6 8.83 
82900 154500 20.33 0.754 114.2 8.14 5.6 9.23 
82900 160000 20.3 0.754 111.3 8.13 5.6 9 
82900 161500 20.32 0.754 114.5 8.14 5.6 9.26 
82900 163000 20.35 0.754 114.9 8.14 5.6 9.29 
82900 164500 20.35 0.754 109.6 8.14 5.6 8.86 
82900 170000 20.46 0.753 111.3 8.14 5.6 8.98 
82900 171500 20.39 0.754 120.6 8.18 5.6 9.73 
82900 173000 20.34 0.753 108.3 8.11 5.6 8.75 
82900 174500 20.31 0.754 104.3 8.06 5.6 8.43 
82900 180000 20.28 0.754 100.1 8.04 5.6 8.1 
82900 181500 20.23 0.685 98 8 5.6 7.94 
82900 183000 20.22 0.754 97.6 8.02 5.6 7.91 
82900 184500 20.19 0.754 93.9 7.96 5.6 7.61 
82900 190000 20.16 0.754 94.8 7.94 5.6 7.69 
82900 191500 20.1 0.748 88.9 7.92 5.6 7.22 
82900 193000 20.04 0.754 85.3 7.9 5.6 6.93 
82900 194500 20 0.751 86.2 7.91 5.6 7.02 
82900 200000 19.97 0.754 80.4 7.9 5.6 6.55 
82900 201500 19.95 0.754 75 7.86 5.6 6.11 
82900 203000 19.92 0.755 76.6 7.85 5.6 6.24 
82900 204500 19.89 0.755 79.5 7.82 5.6 6.48 
82900 210000' 19.84 0.755 70.5 7.84 5.6 5.76 
82900 211500 19.81 0.755 69.7 7.83 5.6 5.69 
82900 213000 19.82 0.755 70.8 7.79 5.6 5.78 
82900 214500 19.79 0.755 65.3 7.78 5.6 5.33 
82900 220000 19.76 0.755 65.3 7.78 5.6 
5.34 
82900 221500 19.75 0.755 56 7.75 5.6 4.58 
82900 223000 19.74 0.755 56.3 7.73 5.6 
4.6 
82900 224500 19.72 0.755 55.8 7.73 5.6 
4.57 
82900 230000 19.7 0.755 56.4 7.76 5.6 
4.62 
82900 231500 19.69 0.756 55.5 7.72 5.6 
4.54 
82900 233000 19.69 0.756 58.4 7.73 5.6 
4.78 
82900 234500 19.69 0.755 56.8 7.73 5.6 
4.65 
83000 0 19.68 0.756 54.9 7.71 5.6 
4.49 
83000 1500 19.67 0.755 39.8 7.67 5.6 
3.26 
83000 3000 19.64 0.757 47.4 7.72 5.6 
3.89 
83000 4500 19.63 0.757 47.5 7.67 5.6 
3.89 
83000 10000 19.62 0.756 47.1 7.69 5.6 
3.86 
83000 11500 19.61 0.756 51.5 7.7 5.6 4.22 
83000 13000 19.62 0.756 45.2 7.69 5.6 3.71 
83000 14500 19.6 0.755 39.5 7.69 5.6 3.24 
83000 20000 19.6 0.755 43.4 7.68 5.6 3.56 
83000 21500 19.59 0.756 48 7.7 5.6 3.93 
83000 23000 19.59 0.756 38.9 7.7 5.6 3.19 
83000 24500 19.58 0.756 42.8 7.7 5.6 3.52 
83000 30000 19.6 0.76 34.7 7.61 5.6 2.84 
83000 31500 19.57 0.755 43 7.71 5.6 3.53 
83000 33000 19.57 0.754 37.9 7.64 5.6 3.11 
83000 34500 19.57 0.753 45.4 7.7 5.6 3.72 
83000 40000 19.58 0.758 40.4 7.7 5.6 3.31 
83000 41500 19.58 0.756 30.3 7.6 5.6 2.49 
83000 43000 19.57 0.753 33.3 7.66 5.5 2.74 
83000 44500 19.57 0.753 38.8 7.69 5.6 3.18 
83000 50000 19.56 0.752 36 7.7 5.6 2.96 
83000 51500 19.57 0.755 37.3 7.68 5.6 3.06 
83000 53000 19.56 0.755 34.2 7.6 5.6 2.8 
83000 54500 19.58 0.756 39.7 7.62 5.5 3.26 
83000· 60000 19.57 0.752 19.5 7.59 5.6 1.6 
83000 61500 19.59 0.756 30.1 7.63 5.6 2.47 
83000 63000 19.61 0.754 16.9 7.59 5.6 1.39 
83000 64500 19.62 0.757 2.7 7.47 5.6 0.22 
83000 70000 19.62 0.759 6 7.5 5.6 0.49 
83000 71500 19.7 0.756 1.2 7.45 5.6 0.1 
83000 73000 19.68 0.757 2.6 7.46 5.6 0.21 
83000 74500 19.71 0.759 1 7.44 5.6 0.08 
83000 80000 19.73 0.757 3.1 7.44 5.6 0.26 
83000 81500 19.76 0.758 1.8 7.41 5.6 0.14 
83000 83000 19.74 0.761 0.7 7.43 5.6 0.05 
83000 84500 19.71 0.768 0.9 7.43 5.5 0.08 
83000 90000 19.7 0.765 0.5 7.41 5.5 0.04 
83000 91500 19.73 0.762 0.6 7.46 5.6 0.05 
83000 93000 19.77 0.763 0.5 7.46 5.6 0.04 
83000 94500 19.79 0.765 1.3 7.44 5.6 0.11 
83000 100000 19.8 0.768 0.5 7.41 5.5 0.04 
83000 101500 19.76 0.772 0.6 7.44 5.5 0.05 
83000 103000 19.73 0.775 0.6 7.4 5.6 0.05 
83000 104500 19.7 0.779 0.7 7.38 5.6 0.06 
83000 110000 19.6 0.782 0.5 7.35 5.6 0.04 
83000 111500 19.54 0.788 0.6 7.54 5.5 0.05 
83000 113000 19.51 0.801 0.3 7.42 5.6 0.03 
83000 114500 19.55 0.807 0.5 7.38 5.5 0.04 
83000 120000 20.02 0.788 1.1 7.58 5.5 0.09 
83000 121500 19.98 0.789 0.7 7.6 5.6 0.06 
83000 123000 19.85 0.816 0.4 7.53 5.5 0.03 
83000 124500 21.02 0.757 0.2 7.55 5.6 0.02 
83000 130000 21.78 0.752 134.2 8.55 5.6 10.54 
83000 131500 21.65 0.752 130.9 8.55 5.6 10.31 
83000 133000 21.56 0.753 121.5 8.45 5.5 9.59 
83000 134500 21.51 0.732 93.8 8.4 5.5 7.41 
83000 140000 21.49 0.754 112.3 8.36 5.6 8.88 
83000 141500 21.4 0.753 98.6 8.17 5.6 7.8 
83000 143000 21.36 0.754 111.7 8.24 5.6 8.85 
83000 144500 21.34 0.754 117.2 8.3 5.5 9.29 
83000 150000 21.4 0.753 116.9 8.35 5.6 9.25 
83000 151500 21.43 0.752 120 8.32 5.6 9.49 
83000 153000 21.44 0.748 127.7 8.39 5.6 10.1 
83000 154500 21.35 0.752 120 8.26 5.5 
9.5 
83000 160000 21.33 0.752 122.3 8.25 5.5 9.69 
83000 161500 21.22 0.752 117.5 8.26 5.5 9.34 
83000 163000 21.17 0.752 118.9 8.27 5.6 9.45 
83000 164500 20.99 0.751 107.4 8.21 5.5 
8.57 
83000 191500 20.19 0.756 95.8 7.96 5.4 
7.77 
83000 193000 20.13 0.756 92.1 7.89 5.4 
7.47 
83000 194500 20.1 0.756 89.3 7.89 5.4 
7.25 
83000 200000 20.09 0.756 86.2 7.89 5.4 
7 
83000 201500 20.07 0.755 84.3 7.91 5.4 
6.85 
83000 203000 20.11 0.755 82.9 7.89 5.5 
6.73 
83000 204500 20.12 0.755 81.7 7.86 5.5 
6.63 
83000 210000 20.15 0.755 78 7.82 5.4 6.33 
83000 211500 20.18 0.755 79.8 7.87 5.4 6.47 
83000 213000 20.18 0.754 80.2 7.87 5.4 6.5 
83000 214500 20.16 0.754 76.2 7.83 5.3 6.18 
83000 220000 20.17 0.754 75 7.82 5.4 6.08 
83000 221500 20.21 0.754 76.8 7.84 5.4 6.23 
83000 223000 20.21 0.754 76.4 7.83 5.3 6.19 
83000 224500 20.18 0.754 74.3 7.82 5.3 6.03 
83000 230000 20.19 0.754 72.4 7.81 5.4 5.87 
83000 231500 20.19 0.754 71.6 7.8 5.3 5.8 
83000 233000 20.18 0.754 71.3 7.81 5.3 5.78 
83000 234500 20.18 0.754 70.8 7.8 5.4 5.74 
83100 0 20.18 0.754 69.9 7.79 5.4 5.67 
83100 1500 20.19 0.754 69.7 7.79 5.3 5.65 
83100 3000 20.17 0.754 67.5 7.78 5.3 5.48 
83100 4500 20.18 0.754 67.9 7.78 5.3 5.51 
83100 10000 20.17 0.754 65.7 7.77 5.3 5.32 
83100 11500 20.17 0.754 64.9 7.77 5.4 5.27 
83100 13000 20.15 0.754 66.4 7.77 5.3 5.38 
83100 14500 20.13 0.7,54 64.2 7.76' 5.3 5.21 
83100 20000 20.11 0.754 61.9 7.77 5.4 5.03 
83100 21500 20.09 0.754 60.1 7.76 5.4 4.88 
83100 23000 20.08 0.754 59.1 7.74 5.4 4.8 
83100 24500 20.07 0.754 58.5 7.76 5.3 
4.75 
83100 30000 20.05 0.753 58.9 7.73 5.3 
4.79 
83100 31500 20.02 0.754 56.7 7.75 5.3 
4.61 
83100 33000 20 0.754 55.4 7.72 5.3 
4.51 
83100 34500 19.97 0.754 53.7 7.74 5.3 
4.37 
83100 40000 19.95 0.754 53.8 7.7 5.3 
4.38 
83100 41500 19.96 0.754 51.5 7.65 5.3 
4.19 
83100 43000 19.93 0.754 50.7 7.66 5.3 
4.13 
83100 44500 19.92 0.754 50.4 7.69 5.3 
4.11 
83100 50000 19.92 0.755 50 7.72 5.3 
4.07 
83100 51500 19.9 0.754 50.1 7.72 5.3 
4.09 
83100 53000 19.88 0.755 50 7.68 5.2 4.08 
83100 54500 19.85 0.755 50.3 7.69 5.2 4.11 
83100 60000 19.84 0.755 50.5 7.72 5.1 4.12 
83100 61500 19.82 0.755 50.9 7.7 5.1 4.15 
83100 63000 19.81 0.755 52.3 7.7 5.1 4.27 
83100 64500 19.8 0.755 51.8 7.69 5.2 4.23 
83100 70000 19.77 0.756 51.5 7.7 5.2 4.21 
83100 71500 19.75 0.756 51.3 7.7 5.2 4.2 
83100 73000 19.74 0.756 51.6 7.68 5.2 4.22 
83100 74500 19.71 0.756 50.8 7.71 5.2 4.16 
83100 80000 19.69 0.756 52.4 7.7 5.1 4.29 
83100 81500 19.67 0.756 53.5 7.71 5.2 4.38 
83100 83000 19.69 0.756 57.3 7.73 5.2 4.69 
83100 84500 19.66 0.756 60.7 7.73 5.2 4.97 
83100 90000 19.7 0.756 67.6 7.77 5.2 5.54 
83100 91500 19.72 0.755 73.3 7.83 5.1 5.99 
83100 93000 19.75 0.627 80.4 7.85 5.1 6.58 
83100 94500 19.76 0.755 87.9 7.9 5.1 7.19 
83100 100000 19.85 0.755 93.6 7.94 5.1 7.64 
83100 101500 19.87 0.755 101.5 8· 5.1 
8.28 
83100 103000 19.97 0.754 112.3 8.1 5.2 
9.14 
83100 104500 20.05 0.754 119 8.14 5.1 
9.67 
83100 110000 20.11 0.754 125.3 8.21 5.2 
10.18 
83100 111500 20.1 0.754 125 8.24 5.1 
10.15 
83100 113000 20.1 0.754 131 8.28 5.1 
10.64 
83100 114500 20.05 0.753 131.5 8.3 5.1 
10.69 
83100 120000 20.04 0.754 121.1 8.18 5 
9.85 
83100 121500 19.98 0.754 117.1 8.15 5.1 
9.53 
83100 123000 20 0.755 107.9 8.11 5.1 
8.78 
83100 124500 20.16 0.756 103.6 8.07 5.1 
8.4 
83100 130000 20.24 0.756 109.1 8.11 5.2 
8.83 
83100 131500 20.28 0.756 108.9 8.09 5.2 
8.81 
83100 133000 20.4 0.756 110.2 8.12 5.2 
8.9 
83100 134500 20.49 0.755 116.2 8.15 5.2 
9.36 
83100 140000 20.56 0.755 116 8.19 5.1 9.33 
83100 141500 20.61 0.755 120 8.22 5.2 9.64 
83100 143000 20.72 0.754 124.2 8.25 5.1 9.97 
83100 144500 20.73 0.753 120.2 8.25 5.2 9.64 
83100 150000 20.75 0.754 122.7 8.22 5.2 9.83 
83100 151500 20.73 0.753 123.1 8.25 5.1 9.87 
83100 153000 20.68 0.754 122.3 8.26 5.1 9.82 
83100 154500 20.59 0.754 120.6 8.25 5.1 9.7 
83100 160000 20.52 0.754 119.9 8.24 5.2 9.65 
83100 161500 20.43 0.754 117.1 8.19 5.1 9.45 
83100 163000 20.35 0.755 112.6 8.17 5.1 9.1 
83100 164500 20.34 0.755 108.2 8.11 5.2 8.74 
83100 170000 20.36 0.755 110.5 8.13 5.2 8.92 
83100 171500 20.44 0.755 112.2 8.16 5.2 9.05 
83100 173000 20.31 0.755 107.9 8.13 5.1 8.72 
83100 174500 20.3 0.755 106.3 8.11 5.3 8.59 
83100 180000 20.24 0.755 103 8.08 5.1 8.34 
83100 181500 20.21 0.755 100.9 8.05 5.3 8.18 
83100 183000 20.2 0.755 99.1 8.03 5.2 8.03 
83100 . 184500 20.18 0.755 95.5 8.03 5.1 7.74 . 
83100 190000 20.16 0.755 94.2 8 5.2 7.64 
83100 191500 20.15 0.755 92.8 7.98 5.2 7.53 
83100 193000 20.13 0.754 91.5 7.98 5.2 7.42 
83100 194500 20.15 0.754 90.4 7.97 5.1 7.33 
83100 200000 20.16 0.754 90.6 7.98 5.1 
7.34 
83100 201500 20.19 0.754 87.5 7.98 5.1 
7.1 
83100 203000 20.2 0.754 86.9 7.97 5.2 
7.04 
83100 204500 20.2 0.754 86.1 7.97 5 
6.98 
83100 210000 20.18 0.754 85.5 7.96 5 
6.93 
83100 211500 20.16 0.754 82.9 7.95 5 
6.73 
83100 213000 20.16 0.754 86.1 7.97 5 
6.98 
83100 214500 20.12 0.753 82.5 7.94 5 
6.69 
83100 220000 20.09 0.753 82.5 7.93 5.1 
6.7 
83100 221500 20.09 0.753 78.6 7.9 5 
6.38 
83100 223000 20.04 0.753 78.2 7.91 5 6.36 
83100 224500 20.08 0.753 77.7 7.92 5 6.31 
83100 230000 20.1 0.753 75.3 7.91 5 6.12 
83100 231500 20.05 0.753 70.6 7.93 5 5.74 
83100 233000 20.06 0.751 68.2 7.92 5 5.55 
83100 234500 20.05 0.753 67 7.88 5 5.45 
90100 0 20.01 0.753 66.9 7.89 5 5.44 
90100 1500 20 0.753 64.8 7.87 5 5.27 
90100 3000 19.97 0.753 64.8 7.89 5 5.27 
90100 4500 19.94 0.752 68.8 7.88 5 5.6 
90100 10000 19.94 0.752 68.3 7.86 5 5.57 
90100 11500 19.93 0.752 66.3 7.84 5 5.4 
90100 13000 19.92 0.752 66.4 7.86 5 5.41 
90100 14500 19.88 0.752 66.8 7.86 5.1 5.45 
90100 20000 19.88 0.753 65.7 7.86 5.1 5.36 
90100 21500 19.86 0.753 63.7 .7.83 5 5.2 
90100 23000 19.84 0.753 61.5 7.83 5 5.02 
90100 24500 19.82 0.753 59.5 7.81 5 4.86 
90100 30000 19.77 0.753 59.2 7.82 5 4.84 
90100' 31500 19.75 0.754 58.9 7.81 5 4.81 
90100 33000 19.79 0.754 58.1 7.81 5 4.75 
90100 34500 19.75 0.754 61.8 7.82 5 5.06 
90100 40000 19.83 0.754 61.7 7.82 5 
5.04 
90100 41500 19.82 0.754 59.6 7.8 5 
4.87 
90100 43000 19.82 0.754 61.3 7.82 5 
5 
90100 44500 19.79 0.754 57.6 7.79 5 
4.71 
90100 50000 19.77 0.754 56.1 7.78 5 4.58 
90100 51500 19.75 0.754 55.8 7.78 5 4.56 
90100 53000 19.75 0.755 54.5 7.77 5 
4.45 
90100 54500 19.77 0.754 57.1 7.78 5 
4.67 
90100 60000 19.73 0.755 55.7 7.78 5 
4.56 
90100 61500 19.76 0.755 57.9 7.8 5 
4.74 
90100 63000 19.81 0.755 57.4 7.79 5 
4.69 
90100 64500 19.77 0.746 57.1 7.79 5 
4.66 
90100 70000 19.81 0.755 56.1 7.79 5 4.58 
90100 71500 . 19.8 0.756 54.5 7.78 5 4.45 
90100 73000 19.85 0.755 54.8 7.78 5 4.48 
90100 74500 19.85 0.755 51.2 7.79 5 4.18 
90100 80000 19.87 0.755 58.3 7.79 5 4.75 
90100 81500 19.87 0.755 60 7.81 5 4.9 
90100 83000 19.83 0.756 63.2 7.82 5 5.15 
90100 84500 19.81' 0.756 65 7.83 5 5.31 
90100 90000 19.84 0.755 65.1 7.82 5 5.32 
90100 91500 19.86 0.755 66.3 7.83 5 5.41 
90100 93000 19.9 0.755 66.7 7.83 5 5.44 
90100 94500 19.47 0.758 71.1 7.87 5 5.85 
90100 100000 19.47 0.759 74 7.88 5 6.09 
90100 101500 19.73 0.76 75 7.88 5 6.13 
90100 103000 20.05 0.76 75.5 7.88 5 6.14 
90100 104500 20.23 0.761 76 7.87 5 6.16 
90100 110000 20.43 0.761 76.3 7.86 5 
6.15 
90100 111500 20.58 0.762 76.7 7.86 5 
6.17 
90100 113000 20.65 0.762 76.9 7.85 5 6.18 
90100 114500 20.72 0.763 76.6 7.83 4.9 6.15 
Recovery finished at 090100 115737 
APPENDIXH 
Dissolved oxygen, water temperature, pH, air temperature, solar radiation rate, solar 
radiation flux, wind speed, and wind direction data collected with NPPD's data logger at 
station 3 (river gates) in Lake Ogallala from 8/28/00 to 9/1/00. 
mg/I C C 
date/time DO Water Terr pH Air Temp Rad Rate Rad Flux Wind Spee Wind Dir 
8/28/0000:00 9.96 22.84 8.68 27.94 -0.04 -0.00087 1.191 237.6 
8/28/0001 :00 9.09 22.35 8.56 25.55 -0.021 -0.00045 0.902 283.9 
8/28/00 02:00 6.863 21.72 8.34 24.29 -0.001 -0.00002 1.479 260.8 
8/28/00 03:00 8.08 21.75 8.5 25.48 -0.001 -0.00001 4.773 271.1 
8/28/00 04:00 7.43 21.8 8.42 23.91 0 0 1.637 244.6 
8/28/0005:00 4.873 21.15 8.02 22.89 0 0 0.989 121.4 
8/28/00 06:00 3.993 20.97 7.91 20.75 -0.003 -0.00005 0.5 111.3 
8/28/00 07:00 3.325 20.79 7.81 20.54 0.037 0.00081 0.72 191.9 
8/28/00 08:00 2.997 20.75 7.8 20.37 33.84 0.73105 1.008 243.5 
8/28/00 09:00 3.874 21.01 7.91 20.98 208 4.4919 0.639 74.3 
8/28/00 10:00 2.493 20.95 7.75 22.78 331.6 7.1633 2.26 297.1 
8/28/00 11 :00 2.732 21.44 7.78 23.9 422.9 9.1344 2.079 303.1 
8/28/0012:00 2.697 21.7 7.75 24.75 653.2 14.109 3.106 296.8 
8/28/00 13:00 3.29 20.74 7.72 28.28 836 18.052 4.044 288.7 
8/28/00 14:00 6.436 21.12 7.95 31.64 879 18.986 3.8 261.2 
8/28/00 15:00 6.801 22.23 7.94 33.94 882 19.05 3.135 259.8 
8/28/00 16:00 8.9 22.47 8.15 33.02 718 15.519 3.866 97.6 
8/28/00 17:00 10.23 22.12 8.34 30.56 619.8 13.388 3.536 78.5 
8/28/00 18:00 10.62 22.17 8.47 29.44 488.7 10.557 2.719 79.2 
8/28/00 19: 00 10.43 22.1 8.47 27.97 254.2 5.4907 2.51 74.2 
8/28/00 20:00 9.75 21.96 8.42 25.86 61.31 1.3243 1.804 73 
8/28/0021 :00 9.63 21.77 8.41 24.48 3.468 0.07491 1.82 76.8 
8/28/00 22:00 8.99 21.66 8.39 23.44 -0.001 -0.00001 1.687 78.4 
8/28/0023:00 8.69 21.56 8.37 22.46 -0.001 -0.00002 1.011 75.7 
8/29/00 00:00 8.27 21.47 8.32 21.87 -0.002 -0.00004 1.318 120.4 
8/29/00 01 :00 8.03 21.49 8.25 21.93 -0.018 -0.00038 2.181 122.8 
8/29/00 02:00 7.34 21.29 8.17 21.26 -0.021 -0.00045 3.12 106.2 
8/29/00 03:00 6.974 21.23 8.18 20.47 -0.029 -0.00062 2.243 126.1 
8/29/00 04:00 7.3 21.14 8.27 18.57 -0.051 -0.0011 2.086 188.4 
8/29/0005:00 6.803 21.17 8.19 16.81 -0.043 -0.00092 1.771 102.1 
8/29/00 06:00 6.042 20.93 8.08 16 -0.008 -0.00018 1.91 114 
8/29/00 07:00 5.621 20.69 8.02 15.73 0.005 0.0001 1.993 131.8 
8/29/00 08:00 4.99 20.5 7.94 15.65 15.98 0.3452 1.137 110.1 
8/29/00 09:00 4.153 20.32 7.82 16.52 195.6 4.2243 1.887 105.7 
8/29/00 10:00 3.65 20.17 7.77 18.03 395.3 8.5381 2.937 96.3 
8/29/00 11 :00 3.475 20.08 7.72 19.32 457.9 9.8898 3.115 112 
8/29/0012:00 3.808 20.19 7.75 21.1 612.9 13.238 3.24 118.7 
8/29/00 13:00 4.68 20.45 7.82 22.65 640.2 13.829 3.322 135 
8/29/0014:00 5.805 20.74 7.94 24.14 659.7 14.25 2.659 144.4 
8/29/00 15:00 7.01 21.17 8.09 25.95 818 17.661 2.831 132.2 
8/29/00 16:00 8.52 21.53 8.29 27.22 749 16.176 3.214 131.1 
8/29/00 17:00 9.95 21.76 8.45 27.64 624.5 13.489 3.668 124.3 
8/29/00 18:00 10.66 21.92 8.53 27.82 420.9 9.092 3.397 136.6 
8/29/00 19:00 11.23 21.96 8.58 28.02 220.5 4.7639 3.09 147.5 
8/29/00 20:00 10.85 21.97 8.56 27.64 89.1 1.9237 2.178 137.7 
8/29/00 21 :00 9.7 21.6 8.44 25.5 2.59 0.05595 1.115 124.4 
8/29/0022:00 9.08 21.48 8.38 23.56 -0.006 -0.00013 1.584 108.2 
8/29/00 23:00 7.53 21.03 8.22 21.49 0 0 1.996 103.4 
8/30/00 00:00 6.92 20.96 8.21 19.88 -0.007 -0.00015 1.702 104.4 
8/30/00 01 :00 6.417 20.86 8.13 19.66 -0.032 -0.00068 1.7 99 
8/30100 02:00 6.008 20.73 8.1 18.2 -0.055 -0.00119 1.307 104.3 
8/30/0003:00 5.499 20.65 8.04 17.3 -0.061 -0.00131 1.115 105.7 
8/30/0004:00 5.186 20.57 7.98 16.59 -0.029 -0.00063 0.961 102.2 
8/30/00 05:00 5.055 20.54 7.97 16.05 -0.015 -0.00033 0.521 82 
8/30/00 06:00 4.918 20.48 7.94 15.56 -0.009 -0.00019 0.35 73.9 
8/30/0007:00 4.503 20.37 7.88 15.04 0.068 0.00147 0.368 99.2 
8/30/00 08:00 3.991 20.26 7.82 14.64 20.69 0.44681 0.38 61.37 
8/30/0009:00 3.397 20.16 7.75 15.78 124.5 2.6901 0.461 40.02 
8/30/00 10:00 2.786 20.09 7.66 17.46 256.9 5.55 0.895 189.6 
8/30/00 11 :00 2.631 20.48 7.65 21.3 568.9 12.289 1.259 310.2 
8/30/00 12:00 2.61 21.46 7.67 25.41 709 15.307 1.42 290.7 
8/30/00 13:00 3.338 21.21 7.71 30.1 783 16.918 1.982 231.7 
8/30/00 14:00 6.564 21.22 8.04 32.59 837 18.083 2.636 175.5 
8/30/00 15:00 8.37 21.55 8.25 34.16 855 18.462 4.56 189.1 
8/30/00 16:00 9.48 21.93 8.41 35.44 756 16.338 4.92 190.9 
8/30/00 17:00 10.23 22.18 8.52 35.69 408.1 8.8141 5.292 190.6 
8/30/00 18:00 11.25 22.41 8.62 34.8 305.1 6.5903 3.34 207 
8/30/00 19:00 10.53 22.42 8.56 35.03 226.3 4.8891 4.181 194.1 
8/30/00 20:00 10.94 22.57 8.62 33.88 68.73 1.4847 2.63 183.1 
8/30/0021:00 10.36 22.44 8.58 30.63 2.562 0.05534 0.892 152.8 
8/30/0022:00 9.94 22.09 8.53 28.18 -0.02 -0.00044 4.34 217.7 
8/30/00 23:00 9.12 21.8 8.48 25.69 -0.038 -0.00083 5.899 325.5 
8/31/0000:00 9.45 21.94 8.53 24.38 -0.012 -0.00026 4.927 201.1 
8/31/0001 :00 8.35 21.65 8.43 22.11 0 -0.00001 4.387 253.6 
8/31/0002:00 7.13 21.35 8.33 19.83 -0.002 -0.00004 5.499 289.4 
8/31/0003:00 6.499 21.15 8.28 18.61 -0.026 -0.00057 3.479 204.3 
8/31/0004:00 5.839 21.04 8.18 17.59 -0.05 -0.00109 2.457 126.5 
8/31/0005:00 5.308 20.87 8.1 17.12 -0.053 -0.00114 2.042 229.7 
8/31/0006:00 5.229 20.7 8.05 16.79 -0.051 -0.00111 4.001 319.6 
8/31/0007:00 5 20.57 8 16.56 -0.02 -0.00044 4.9 289.7 
8/31/0008:00 4.202 20.31 7.87 16.45 7.2 0.15563 4.921 267.1 
8/31/0009:00 3.644 20.1 7.78 16.3 113.7 2.4556 3.839 124.1 
8/31/0010:00 3.255 19.93 7.72 16.57 330.9 7.1476 3.642 110 
8/31/00 11 :00 3.118 19.85 7.7 16.8 284.9 6.1532 3.282 107.4 
8/31/0012:00 3.407 19.71 7.72 16.54 182.1 3.9343 3.078 134.4 
8/31/0013:00 3.597 19.5 7.71 16.13 171.6 3.7066 3.311 159.4 
8/31/0014:00 4.275 19.69 7.8 17.39 614.6 13.276 2.356 122.3 
8/31/0015:00 4.9 20.14 7.89 20.05 846 18.273 1.54 166.5 
8/31/0016:00 6.704 20.88 8.09 20.71 521.3 11.26 2.575 295.6 
8/31/0017:00 7.78 20.78 8.22 20.74 354.8 7.6633 3.297 286.4 
8/31/0018:00 8.13 21.14 8.29 22.78 341.7 7.3818 1.48 130.2 
8/31/0019:00 8.33 21.14 8.35 22.94 117.4 2.5349 1.379 74.9 
8/31/0020:00 9.37 21.08 8.46 21.9 32.32 0.69803 1.871 81.3 
8/31/0021:00 10.18 21.08 8.54 19.99 1.849 0.03994 1.232 113.7 
8/31/0022:00 10.03 20.99 8.52 18.43 -0.041 -0.00089 1.761 108.6 
8/31/0023:00 9.33 20.85 8.45 17.41 -0.074 -0.0016 2.132 91.8 
9/1/0000:00 8.37 20.73 8.37 16.44 -0.039 -0.00083 2.912 89.2 
9/1/0001:00 7.66 20.58 8.29 15.27 -0.03 -0.00066 3.182 97.5 
9/1/0002:00 7.39 20.47 8.26 14.76 -0.014 -0.00029 2.784 93.6 
9/1/00 03:00 6.084 20.36 8.16 14.52 -0.011 -0.00023 2.892 113.6 
9/1/00 04:00 6.152 20.24 8.13 14.37 -0.004 -0.00009 0.562 89.7 
9/1/00 05:00 5.587 20.11 8.06 14.55 0 -0.00001 1.528 106.1 
9/1/0006:00 4.638 19.99 7.93 14.65 -0.001 -0.00001 1.368 120.7 
9/1/0007:00 4.16 19.88 7.87 14.78 0.001 0.00002 0.528 121.9 
9/1/0008:00 3.738 19.78 7.81 14.88 28.19 0.60895 0.968 276.7 
9/1/0009:00 2.985 19.73 7.73 15.39 71.2 1.5385 1.166 107.1 
9/1/0010:00 2.578 19.66 7.68 15.6 92.7 2.0026 0.721 105.8 
9/1/00 11 :00 2.349 19.66 7.66 16.73 279.6 6.0398 1.269 191.5 
9/1/0012:00 2.35 19.8 7.66 19.26 693.7 14.983 1.436 99 
APPENDIX I 
Plots of the dissolved oxygen, water temperature, pH, air temperature, solar radiation rate, 
solar radiation flux, wind speed, and wind direction data collected with NPPD's data 
logger at station 3 (river gates) in Lake Ogallala from 7/28/00 to 1/1/01. 
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APPENDIX] 
Water temperature, specific conductance, percent saturation of dissolved oxygen, pH, and dissolved oxygen concentration data collected with a Hydrolab data logger (UNL) at 
station 4 (canal gates) in Lake Ogallala from 8/29/00 to 8/31100. 
MiniSonde 4a 38064 
Log File Name: Ogallala-1 
Setup Date (MMDDYY) : 081700 
Setup Time (HHMMSS) : 093205 
Starting Date (MMDDYY) : 082900 
Starting Time (HHMMSS) : 080000 
Stopping Date (MMDDYY) : 083100 
Stopping Time (HHMMSS) : 080000 
Interval (HHMMSS) : 001500 
NOTE: Stopped logging data at 0800 on 8/31 
Sensor warmup (HHMMSS) : 000200 
Circltr warmup (HHMMSS) : 000030 
Date Time 
MMDDYY HHMMSS 
Temp 
0C 
Time changed from 082800 172818 to 082800 182700 
SpCond 
mS/cm 
Parameter setup or calibration 'changed at 082800 190724 
82900 80000 19.84 0.755 
82900 81500 19.79 0.762 
82900 83000 19.83 0.761 
82900 84500 19.73 0.761 
82900 90000 19.78 0.762 
82900 91500 19.89 0.76 
82900 93000 19.84 0.763 
82900 94500 19.89 0.763 
82900 100000 19.84 0.762 
82900 101500 19.89 0.761 
82900 103000 19.94 0.762 
82900 104500 19.92 0.756 
82900 110000 19.5 0 
82900 111500 19.06 0 
82900 113000 18.92 0 
82900 114500 19.19 0 
DO% 
Sat 
41.8 
40.6 
40.8 
41.4 
44.8 
44.9 
44.9 
45.8 
42.5 
51.1 
47.6 
53.9 
59.6 
66.3 
81.8 
108.1 
pH 
Units 
7.61 
7.6 
7.61 
7.61 
7.61 
7.64 
7.61 
7.62 
7.63 
7.64 
7.62 
7.62 
7.64 
7.69 
8.12 
8.48 
IBatt 
Volts 
5.5 
5.5 
5.4 
5.4 
5.5 
5.5 
5.5 
5.5 
5.5 
5.5 
5.5 
5.5 
5.5 
5.4 
5.5 
5.5 
DO 
mg/l 
3.41 
3.32 
3.33 
3.39 
3.66 
3.66 
3.67 
3.73 
3.47 
4.17 
3.88 
4.39 
4.91 
5.51 
6.82 
8.96 
82900 120000 22.73 0.755 114.3 8.04 5.5 8.82 
82900 121500 20.45 0.758 87 7.85 5.5 7.02 
82900 123000 20.46 0.757 93.8 7.89 5.4 7.56 
82900 124500 20.56 0.759 99.3 7.97 5.5 7.99 
82900 130000 20.63 0.758 103.5 7.99 5.5 8.32 
82900 131500 20.56 0.758 103.6 8.02 5.5 8.34 
82900 133000 20.85 0.759 111.5 8.07 5.5 8.92 
82900 134500 20.9 0.758 118.3 8.12 5.5 9.46 
82900 140000 20.89 0.76 115.6 8.13 5.4 9.24 
82900 141500 21.08 0.759 123.3 8.18 5.4 9.82 
82900 143000 21.1 0.759 124.7 8.19 5.4 9.93 
82900 144500 21.15 0.759 129.1 8.2 5.5 10.27 
82900 150000 21.31 0.76 128.3 8.24 5.4 10.18 
82900 151500 21.26 0.76 125.5 8.2 5.5 9.96 
82900 153000 21.26 0.762 126.9 8.23 5.4 10.07 
82900 154500 21.28 0.761 130.3 8.23 5.5 10.33 
82900 160000 21.38 0.759 139.1 8.31 5.5 11.02 
82900 161500 21.56 0.757 145.3 8.42 5.4 11.47 
82900 163000 21.64 0.757 145.8 8.43 5.5 11.48 
82900 164500 21.62 0.758 149.6 8.43 5.4 
11.79 
82900 170000 21.56 0.759 147.6 8.39 5.5 
11.65 
82900 171500 21.55 0.759 145.6 8.37 5.5 
11.49 
82900 173000 21.36 0.761 142.6 8.31 5.4 
11.29 
82900 174500 21.48 0.76 140.7 8.37 5.5 
11.12 
82900 180000 21.43 0.76 141 8.37 5.5 
11.16 
82900 181500 21.55 0.757 151.2 8.43 5.5 
11.94 
82900 183000 21.36 0.759 146.1 8.4 5.4 
11.58 
82900 184500 21.5 0.757 151.5 8.46 5.5 
11.97 
82900 190000 21.27 0.758 150.9 8.39 5.5 
11.97 
82900 191500 21.36 0.758 151.9 8.38 5.5 
12.03 
82900 193000 21.48 0.756 154.6 8.5 5.4 
12.22 
82900 194500 21.64 0.754 161.3 8.56 5.5 
12.71 
82900 200000 21.33 0.757 149.8 8.43 5.5 11.88 
82900 201500 21.41 0.756 157.3 8.47 5.5 12.45 
82900 203000 21.49 0.755 155.4 8.47 5.4 12.28 
82900 204500 21.34 0.757 150.1 8.45 5.5 11.89 
82900 210000 21.28 0.757 148.5 8.41 5.5 11.78 
82900 211500 21.33 0.757 155.4 8.4 5.5 12.31 
82900 213000 21.36 0.757 146.5 8.42 5.5 11.61 
82900 214500 21.28 0.758 145.7 8.38 5.4 11.56 
82900 220000 21.15 0.758 134.2 8.37 5.4 10.67 
82900 221500 21.16 0.758 135.2 8.35 5.4 10.75 
82900 223000 21.08 0.759 132.6 8.33 5.4 10.56 
82900 224500 21.01 0.759 127.5 8.29 5.4 10.17 
82900 230000 21.07 0.759 132.1 8.31 5.4 10.52 
82900 231500 21 0.759 125.7 8.3 5.4 10.03 
82900 233000 20.9 0.76 121.8 8.24 5.5 9.74 
82900 234500 20.89 0.759 118.6 8.23 5.4 9.48 
83000 0 20.79 0.76 116.1 8.18 5.4 9.3 
83000 1500 20.79 0.76 117.5 8.19 5.4 
9.41 
83000 3000 20.72 0.76 109.5 8.16 5.4 
8.78 
83000 4500 20.72 0.761 110.6 8.11 5.4 
8.87 
83000 10000 20.75 0.76 110.1 8.19 5.4 
8.82 
83000 11500 20.51 0.761 98.6 8.05 5.4 
7.95 
83000 13000 20.54 0.761 107.7 8.04 5.4 
8.67 
83000 14500 20.6 0.761 104.4 8.1 5.3 
8.39 
83000 20000 20.63 0.76 105.5 8.06 5.4 
8.47 
83000 21500 20.74 0.76 110.8 8.18 5.4 
8.88 
83000 23000 20.59 0.76 102.5 8.12 5.4 
8.24 
83000 24500 20.62 0.759 104.7 8.1 5.4 
8.42 
83000 30000 20.42 0.761 94 8.01 
5.3 7.59 
83000 31500 20.6 0.76 98 8.06 5.4 
7.88 
83000 33000 20.55 0.76 100.3 8.08 5.4 
8.08 
83000 34500 20.45 0.759 95.3 8.03 5.4 
7.68 
83000 40000 20.41 0.76 91.3 7.98 5.3 
7.36 
83000 41500 20.49 0.76 95 8.02 5.4 
7.65 
83000 43000 20.36 0.76 84.8 7.97 5.4 6.85 
83000 44500 20.36 0.76 85.9 7.94 5.4 6.94 
83000 50000 20.14 0.761 74.6 7.88 5.4 6.06 
83000 51500 20.27 0.76 80.1 7.9 5.4 6.49 
83000 53000 19.63 0.765 38.4 7.57 5.4 3.14 
83000 54500 19.54 0.766 34.6 7.54 5.3 2.84 
83000 60000 19.6 0.766 34.1 7.53 5.3 2.79 
83000 61500 19.57 0.766 34.5 7.53 5.4 2.83 
83000 63000 19.55 0.766 33.3 7.54 5.3 2.73 
83000 64500 19.45 0.766 31.6 7.52 5.4 2.6 
83000 70000 19.47 0.766 30.9 7.51 5.4 2.54 
83000 71500 19.55 0.766 31 7.52 5.4 2.54 
83000 73000 19.52 0.766 30.3 7.52 5.3 2.49 
83000 74500 19.53 0.766 30.3 7.51 5.3 2.49 
83000 80000 19.54 0.766 30.2 7.51 5.4 2.48 
83000 81500 19.56 0.755 30 7.51 5.4 2.46 
83000 83000 19.62 0.764 31.7 7.51 5.4 2.6 
83000 84500 19.64 0.766 33.2 7.53 5.4 2.72 
83000 90000 19.7 0.667 36.7 7.54 5.4 3.01 
83000 91500 19.76 0.754 38.6 7.55 5.4 3.15 
83000 93000 19.79 0.743 40.8 7.57 5.4 
3.33 
83000 94500 19.86 0.747 44.2 7.59 5.4 
3.61 
83000 100000 20.02 0.747 49.1 7.62 5.4 
3.99 
83000 101500 20.08 0.653 53.6 7.65 5.4 
4.36 
83000 103000 20.19 0.749 58 7.67 5.4 
4.7 
83000 104500 20.34 0.762 64.8 7.73 5.3 
5.23 
83000 110000 20.45 0.706 70.1 7.76 5.4 
5.66 
83000 111500 20.7 0.738 77.2 7.82 5.4 
6.2 
83000 113000 20.79 0.765 83.9 7.87 5.3 
6.72 
83000 114500 21.02 0.641 90.7 7.93 5.3 
7.23 
83000 120000 20.93 0.754 97.4 7.97 5.4 
7.78 
83000 121500 21.19 0.762 103 8.02 
5.3 8.18 
83000 123000 21.22 0.707 109.2 8.08 5.3 
8.67 
83000 124500 21.14 0.749 111 8.1 5.4 
8.83 
83000 130000 21.24 0.757 116.5 8.1 5.3 9.25 
83000 131500 21.43 0.757 124.5 8.2 5.4 9.85 
83000 133000 21.71 0.763 129.4 8.24 5.3 10.18 
83000 134500 21.65 0.762 138.2 8.32 5.4 10.89 
83000 140000 21.93 0.761 145.2 8.38 5.4 11.37 
83000 141500 21.91 0.718 146.5 8.38 5.3 11.48 
83000 143000 21.92 0.756 145.1 8.37 5.4 11.37 
83000 144500 21.91 0.76 141.1 8.35 5.3 11.06 
83000 150000 21.85 0.741 142.2 8.34 5.4 11.16 
83000 151500 21.97 0.756 142.5 8.35 5.4 11.16 
83000 153000 21.86 0.761 140 8.33 5.3 10.98 
83000 154500 21.78 0.652 136.7 8.3 5.4 10.74 
83000 160000 21.92 0.705 145.5 8.3 5.4 11.41 
83000 161500 21.98 0.726 150.7 8.36 5.3 11.79 
83000 163000 22.05 0.745 160.2 8.38 5.4 12.52 
83000 164500 21.91 0.76 151.4 8.41 5.4 11.87 
83000 170000 22.17 0.758 167.3 8.55 5.3 13.04 
83000 171500 22.14 0.752 167.6 8.34 5.4 13.08 
83000 173000 22.06 0.619 162.9 8.5 5.4 12.74 
83000 174500 . 22.02 0.745 158.7 8.46 5.3 12.41 
83000 180000 22.01 0.632 156 8.44 5.3 12.21 
83000 181500 21.95 0.633 153.9 8.38 5.3 12.06 
83000 183000 22.32 0.693 174.2 8.6 5.3 13.55 
83000 184500 22.11 0.756 156.8 8.37 5.3 12.25 
83000 190000 22.05 0.749 159.1 8.48 5.3 12.44 
83000 191500 22.09 0.752 159.9 8.51 5.3 12.49 
83000 193000 22.12 0.75 162.1 8.57 5.4 12.66 
83000 194500 22.01 0.628 160.5 8.49 5.3 12.56 
83000 200000 21.99 0.604 156.3 8.49 5.4 12.23 
83000 201500 21.79 0.757 143.6 8.39 5.4 11.28 
83000 203000 21.78 0.755 143.5 8.32 5.3 11.27 
83000 204500 21.67 0.757 137.5 8.36 5.3 10.83 
83000 210000 21.68 0.757 136.9 8.36 5.3 10.77 
83000 211500 21.57 0.758 132.3 8.35 5.4 10.44 
83000 213000 21.6 0.758 133.7 8.38 5.4 10.54 
83000 214500 22.23 0.752 168.1 8.63 5.4 13.09 
83000 220000 20.68 0.762 87.2 7.9 5.3 7 
83000 221500 20.68 0.762 80.3 7.85 5.3 6.45 
83000 223000 20.63 0.762 78.4 7.84 5.3 6.3 
83000 224500 20.62 0.762 76.2 7.82 5.3 6.13 
83000 230000 20.49 0.748 73.8 7.8 5.3 5.94 
83000 231500 20.44 0.764 72.6 7.79 5.3 5.85 
83000 233000 20.46 0.764 70.6 7.79 5.3 5.69 
83000 234500 20.42 0.764 68.9 7.78 5.3 5.56 
83100 0 20.36 0.765 67.3 7.76 5.3 5.43 
83100 1500 20.44 0.764 65.3 7.75 5.3 5.27 
83100 3000 20.49 0.763 75.4 7.87 5.3 6.08 
83100 4500 20.66 0.763 86.9 7.96 5.3 
6.98 
83100 10000 20.84 0.757 95.4 8 5.3 
7.63 
83100 11500 20.92 0.76 97.4 8.09 5.3 
7.78 
83100 13000 20.21 0.764 56.4 7.67 5.3 
4.57 
83100 14500 20.19 0.764 57.1 7.68 5.3 4.63 
83100 20000 20.16 0.764 55.1 7.66 5.3 4.47 
83100 21500 20.16 0.764 52.7 7.65 5.3 
4.28 
83100 23000 20.07 0.764 50.4 7.63 5.3 
4.09 
83100 24500 20.19 0.763 54.2 7.66 5.3 
4.39 
83100 30000 20.08 0.764 49.2 7.61 5.3 
4 
83100 31500 20.06 0.764 48.4 7.61 5.3 
3.94 
83100 33000 20.07 0.764 48.3 7.62 5.3 
3.92 
83100 34500 19.99 0.764 44.6 7.6 5.3 
3.63 
83100 40000 20.08 0.764 47.3 7.61 
5.3 3.84 
83100 41500 20.12 0.763 47.7 7.61 5.3 
3.88 
83100 43000 20.07 0.763 46.8 7.6 
5.3 3.8 
83100 44500 20.14 0.763 48.2 7.61 
5.3 3.91 
83100 50000 20.13 0.763 45.6 7.6 
5.3 3.7 
83100 51500 20.12 0.763 44.5 7.59 5.3 
3.61 
83100 53000 20.09 0.763 44.2 7.6 5.3 
3.59 
83100 54500 20.05 0.757 42.9 7.58 5.3 
3.49 
83100 60000 20.04 0.764 41.2 7.58 5.3 3.35 
83100 61500 20.02 0.764 40.3 7.57 5.3 3.28 
83100 63000 19.98 0.763 36.2 7.56 5.3 2.94 
83100 64500 19.93 0.764 38.6 7.55 5.3 3.15 
83100 70000 19.88 0.759 37.2 7.55 5.3 3.03 
83100 71500 19.93 0.759 37.5 7.55 5.3 3.06 
83100 73000 19.86 0.757 35.7 7.54 5.3 2.92 
83100 74500 19.02 0.763 34.8 7.53 5.3 
) 2.84 
83100 80000 19.85 0.761 35.2 7.54 5.3 
2.88 
Recovery finished at 090100 105354 
APPENDIXK 
Rhodamine WT dye concentrations at station 3 (river gates) in Lake Ogallala from 
8/29/00 to 9/1/00. 
Date Time Rhodamine WT (!lg/L) 
8/29/00 12:30 0.104 
8/29/00 13:00 0.106 
8/29/00 13:30 0.106 
8/29/00 14:00 0.106 
8/29/00 14:52 0.112 
8/29/00 14:57 0.115 
8/29/00 15:00 0.115 
8/29/00 15:22 0.112 
8/29/00 15:27 0.112 
8/29/00 15:52 0.112 
8/29/00 15:57 0.112 
8/29/00 16:00 0.112 
8/29/00 16:22 0.114 
8/29/00 16:27 0.112 
8/29/00 16:52 0.112 
8/29/00 16:57 0.112 
8/29/00 17:22 0.112 
8/29/00 17:27 0.135 
8/29/00 17:30 0.168 
8/29/00 17:57 0.712 
8/29/00 18:00 0.823 
8/29/00 18:22 7.200 
8/29/00 18:27 8.860 
8/29/00 18:30 10.200 
8/29/00 18:52 10.300 
8/29/00 18:57 10.100 
8/29/00 19:00 7.920 
8/29/00 19:22 7.890 
8/29/00 19:27 7.350 
8/29/00 19:52 6.200 
8/29/00 19:57 6.110 
8/29/00 20:22 3.800 
8/29/00 20:27 3.240 
8/29/00 20:30 2.880 
8/29/00 20:52 2.650 
8/29/00 20:57 2.240 
8/29/00 21:22 1.960 
8/29/00 21:27 1.800 
8/29/00 21:30 1.680 
8/29/00 21:52 1.380 
8/29/00 21:57 1.260 
8/29/00 22:00 1.200 
8/29/00 22:22 1.080 
8/29/00 22:27 1.060 
8/29/00 22:52 0.967 
8/29/00 22:57 0.995 
8/29/00 23:00 1.000 
8/29/00 23:22 1.140 
8/29/00 23:27 1.190 
8/29/00 23:30 1.180 
8/29/00 23:52 1.130 
Date Time 
8/29/00 
8/30100 
8/30100 
8/30100 
8/30100 
8/30100 
8/30100 
8/30100 
8/30100 
8/30100 
8/30100 
8/30100 
8/30100 
8/30100 
8/30100 
8/30100 
8/30100 
8/30100 
8/30100 
8/30100 
8/30100 
8/30100 
8/30100 
8/30100 
8/30100 
8/30100 
8/30100 
8/30100 
8/30100 
8/30100 
8/30100 
8/30100 
8/30100 
8/30100 
8/30100 
8/30100 
8/30100 
8/30100 
8/30100 
8/30100 
8/30100 
8/30100 
8/30100 
8/30100 
8/30100 
8/30100 
8/30100 
8/30100 
8/30100 
8/30100 
8/30100 
23:57 
0:00 
0:22 
0:27 
0:30 
0:52 
0:57 
1:00 
1:22 
1:27 
1 :52 
1 :57 
2:22 
2:27 
2:30 
2:52 
2:57 
3:00 
3:22 
3:27 
3:52 
3:57 
4:00 
4:22 
4:27 
4:52 
4:57 
5:22 
5:27 
5:30 
5:52 
5:57 
6:00 
6:22 
6:27 
6:30 
6:52 
6:57 
7:00 
7:22 
7:27 
7:30 
7:52 
7:57 
8:00 
8:22 
8:27 
8:30 
8:52 
8:57 
9:00 
Rhodamine WT (llg/L) 
1.090 
1.070 
1.110 
1.120 
1.040 
1.060 
1.070 
1.090 
1.010 
1.000 
0.952 
0.903 
0.933 
0.876 
0.875 
0.866 
0.839 
0.855 
0.870 
0.865 
0.870 
0.897 
0.914 
0.920 
0.950 
0.944 
0.952 
0.976 
0.961 
0.953 
0.955 
0.963 
0.991 
0.986 
0.981 
0.959 
0.944 
0.953 
0.977 
0.883 
0.855 
0.803 
0.731 
0.814 
0.869 
0.787 
0.774 
0.808 
0.783 
0.783 
0.778 
Date Time Rhodamine WT (f.lg/L) 
8/30/00 9:22 0.742 
8/30/00 9:27 0.730 
8/30/00 9:30 0.745 
8/30/00 9:52 0.697 
8/30/00 9:57 0.685 
8/30/00 10:00 0.683 
8/30/00 10:22 0.615 
8/30/00 10:27 0.601 
8/30/00 10:52 0.568 
8/30/00 10:57 0.583 
8/30/00 11:00 0.582 
8/30/00 11 :22 0.610 
8/30/00 11 :27 0.635 
8/30/00 11 :30 0.636 
8/30/00 11:52 0.660 
8/30/00 11:57 0.666 
8/30/00 12:00 0.675 
8/30/00 12:22 0.714 
8/30/00 12:27 0.726 
8/30/00 12:52 0.879 
8/30/00 12:57 0.940 
8/30/00 13:22 0.998 
8/30/00 13:27 0.857 
8/30/00 13:52 0.750 
8/30/00 13:57 0.730 
8/30/00 14:00 0.661 
8/30/00 14:22 0.370 
8/30/00 14:27 0.335 
8/30/00 14:30 0.337 
8/30/00 14:52 0.338 
8/30/00 14:57 0.349 
8/30/00 15:00 0.368 
8/30/00 15:22 0.418 
8/30/00 15:27 0.405 
8/30/00 15:52 0.416 
8/30/00 15:57 0.418 
8/30/00 16:00 0.439 
8/30/00 16:22 0.405 
8/30/00 16:27 0.388 
8/30/00 16:30 0.415 
8/30/00 16:52 0.495 
8/30/00 16:57 0.507 
8/30/00 17:00 0.516 
8/30/00 17:22 0.430 
8/30/00 17:30 0.590 
8/30/00 17:52 0.856 
8/30/00 17:57 0.853 
8/30/00 18:22 0.970 
8/30/00 18:27 0.999 
8/30/00 18:30 1.020 
8/30/00 18:52 0.833 
Date Time 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
18:57 
19:00 
19:22 
19:27 
19:30 
19:52 
19:57 
20:00 
20:22 
20:27 
20:30 
20:52 
20:57 
21:00 
21:22 
21:27 
21:30 
21:52 
21:57 
22:00 
22:22 
22:27 
22:30 
22:52 
22:57 
23:00 
23:22 
23:27 
23:52 
23:57 
0:00 
0:22 
0:27 
0:30 
0:52 
0:57 
1 :00 
1:22 
1:27 
1:52 
1:57 
2:00 
2:22 
2:27 
2:30 
2:52 
2:57 
3:00 
3:22 
3:27 
3:52 
Rhodamine WT (I-lg/L) 
0.887 
0.995 
0.802 
0.709 
0.747 
0.546 
0.432 
0.378 
0.218 
0.206 
0.187 
0.207 
0.238 
0.179 
0.172 
0.150 
0.139 
0.143 
0.172 
0.154 
0.324 
0.301 
0.285 
0.186 
0.184 
0.175 
0.224 
0.228 
0.347 
0.342 
0.310 
0.310 
0.303 
0.261 
0.293 
0.303 
0.285 
0.207 
0.194 
0.209 
0.207 
0.202 
0.233 
0.236 
0.232 
0.197 
0.201 
0.196 
0.194 
0.188 
0.180 
Date Time 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
Rhodamine WT (/lg/L) 
3:57 0.171 
4:00 0.172 
4:22 0.168 
4:27 0.167 
4:52 0.168 
4:57 0.175 
5:22 0.178 
5:27 0.197 
5:52 0.200 
5:57 0.207 
6:00 0.207 
6:27 0.231 
6:30 0.244 
6:52 0.252 
6:57 0.247 
7:00 0.250 
7:27 0.275 
7:30 0.276 
7:52 0.275 
7:57 0.275 
8:00 0.281 
8:22 0.280 
8:27 0.273 
8:30 0.270 
8:52 0.244 
8:57 0.237 
9:22 0.238 
9:27 0.237 
9:52 0.238 
9:57 0.237 
10:00 0.234 
10:22 0.228 
10:27 0.225 
10:30 0.222 
10:52 0.229 
10:57 0.229 
11 :00 0.234 
11 :22 0.328 
11:27 0.210 
11:30 0.213 
11:52 0.239 
11:57 0.196 
12:00 0.202 
12:22 0.418 
12:27 0.201 
12:30 0.204 
12:52 0.230 
12:57 0.214 
13:00 0.214 
13:22 0.423 
13:27 0.411 
Date Time Rhodamine WT (~g/L) 
8/31/00 13:52 0.416 
8/31/00 13:57 0.432 
8/31/00 14:00 0.388 
8/31/00 14:22 0.365 
8/31/00 14:27 0.432 
8/31/00 14:30 0.411 
8/31/00 14:52 0.354 
8/31/00 14:57 0.372 
8/31/00 15:00 0.382 
8/31/00 15:22 0.338 
8/31/00 15:27 0.354 
8/31/00 15:52 0.428 
8/31/00 15:57 0.449 
8/31/00 16:00 0.454 
8/31/00 16:22 0.416 
8/31/00 16:27 0.423 
8/31/00 16:30 0.440 
8/31/00 16:52 0.462 
8/31/00 16:57 0.483 
8/31/00 17:00 0.463 
8/31/00 17:22 0.409 
8/31/00 17:27 0.414 
8/31/00 17:52 0.421 
8/31/00 17:57 0.419 
8/31/00 18:00 0.404 
8/31/00 18:22 0.307 
8/31/00 18:27 0.425 
8/31/00 18:30 0.453 
8/31/00 18:52 0.451 
8/31/00 18:57 0.444 
8/31/00 19:00 0.448 
8/31/00 19:22 0.405 
8/31/00 19:27 0.405 
8/31/00 19:30 0.401 
8/31/00 19:52 0.386 
8/31/00 19:57 0.374 
8/31/00 20:00 0.372 
8/31/00 20:22 0.349 
8/31/00 20:27 0.342 
8/31/00 20:30 0.330 
8/31/00 20:52 0.414 
8/31/00 20:57 0..360 
8/31/00 21:22 0.367 
8/31/00 21:27 0.354 
8/31/00 21:30 0.332 
8/31/00 21:52 0.282 
8/31/00 21:57 0.293 
8/31/00 22:00 0.254 
8/31/00 22:22 0.256 
8/31/00 22:27 0.264 
8/31/00 22:30 0.290 
Date Time 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
Rhodamine WT (/-lg/L) 
23:07 2.770 
23:12 2.470 
23:15 2.800 
23:37 4.490 
23:42 4.570 
0:07 4.500 
0:12 4.550 
0:15 4.120 
0:37 3.800 
0:42 3.840 
0:45 3.600 
1:07 3.530 
1:12 3.430 
1:15 3.430 
1 :37 3.460 
1:42 3.490 
1:45 3.510 
2:07 3.380 
2:12 3.620 
2:15 3.660 
2:37 3.440 
2:42 3.310 
2:45 3.100 
3:07 2.900 
3:12 3.030 
3:15 2.800 
3:37 2.330 
3:42 2.290 
3:45 2.210 
4:07 1.630 
4:12 1.790 
4:15 1.630 
4:37 1.410 
4:42 1.540 
4:45 1.470 
5:07 1.230 
5:12 1.430 
5:15 1.560 
5:37 1.540 
5:42 1.730 
5:45 1.780 
6:00 1.860 
6:07 1..840 
6:12 1.840 
6:15 1.840 
6:17 1.840 
6:22 1.830 
6:27 1.820 
6:30 1.800 
6:32 1.800 
6:37 1.790 
Date Time 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
6:42 
6:47 
6:52 
6:57 
7:00 
7:07 
7:12 
7:17 
7:22 
7:27 
7:32 
7:37 
7:42 
7:47 
7:52 
7:57 
8:02 
8:07 
8:12 
8:17 
8:22 
8:27 
8:32 
8:37 
8:42 
8:47 
8:52 
8:57 
9:02 
9:07 
9:12 
9:17 
9:22 
9:27 
9:32 
9:37 
9:42 
9:47 
9:52 
9:57 
10:02 
10:07 
Rhodamine WT (/-lg/L) 
1.780 
1.760 
1.760 
1.740 
1.730 
1.710 
1.690 
1.660 
1.650 
1.620 
1.600 
1.590 
1.560 
1.540 
1.520 
1.500 
1.480 
1.450 
1.400 
1.380 
1.350 
1.320 
1.280 
1.270 
1.230 
1.200 
1.170 
1.150 
1.130 
1.110 
1.100 
1.090 
1.070 
1.060 
1.050 
1.050 
1.050 
1.050 
1.050 
1.050 
1.050 
1.050 
APPENDIXL 
Rhodamine WT dye concentrations at station 4 (canal gates) in Lake Ogallala from 
8/29/00 to 911100. 
NOTE: The canal intake hose was moved at 16:00 
on 8/29 because it was not located where most of the dye 
was exiting the lake. Therefore, some dye concentrations prior to 
16:00 are likely too low and the "peak" concentration may have 
occurred before 16:07. 
Date Time Rhodamine WT (I-lg/L) 
8/29/00 12:45 0.129 
8/29/00 13:15 0.127 
8/29/00 13:45 0.131 
8/29/00 14:15 0.144 
8/29/00 14:45 0.149 
8/29/00 15:07 0.146 
8/29/00 15:12 0.150 
8/29/00 15:37 0.344 
8/29/00 15:42 0.647 
8/29/00 15:45 1.730 
8/29/00 16:07 12.300 
8/29/00 16:12 11.900 
8/29/00 16:15 11.600 
8/29/00 16:37 9.570 
8/29/00 16:42 9.130 
8/29/00 16:45 8.890 
8/29/00 17:07 7.360 
8/29/00 17:12 7.050 
8/29/00 17:37 5.860 
8/29/00 17:42 5.110 
8/29/00 17:45 3.280 
8/29/00 18:07 3.250 
8/29/00 18:12 3.420 
8/29/00 18:15 3.320 
8/29/00 18:37 2.900 
8/29/00 18:42 2.890 
8/29/00 18:45 2.300 
8/29/00 19:07 1.340 
8/29/00 19:12 1.320 
8/29/00 19:15 2.710 
8/29/00 19:37 1.940 
8/29/00 19:42 1.870 
8/29/00 20:07 1.770 
8/29/00 20:12 1.840 
8/29/00 20:15 1.810 
8/29/00 20:37 1.780 
8/29/00 20:42 1.730 
8/29/00 21:07 1.770 
8/29/00 21 :12 1.890 
8/29/00 21 :15 2.010 
8/29/00 21:37 2.680 
8/29/00 21:42 2.930 
8/29/00 21:45 3.100 
Date Time 
8/29/00 
8/29/00 
8/29/00 
8/29/00 
8/29/00 
8/29/00 
8/29/00 
8/29/00 
8/29/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
22:07 
22:12 
22:37 
22:42 
22:45 
23:07 
23:12 
23:37 
23:42 
0:07 
0:12 
0:15 
0:37 
0:42 
0:45 
1:07 
1 :12 
1 :15 
1 :37 
1:42 
2:07 
2:12 
2:15 
2:37 
2:42 
2:45 
3:07 
3:12 
3:15 
3:37 
3:42 
3:45 
4:07 
4:12 
4:15 
4:37 
4:42 
4:45 
5:07 
5:12 
5:37 
5:42 
5:45 
6:07 
6:12 
6:15 
6:37 
6:42 
6:45 
7:07 
7:12 
Rhodamine WT (Ilg/L) 
3.630 
3.710 
3.930 
3.930 
3.920 
3.230 
3.320 
2.750 
3.040 
2.820 
2.690 
2.580 
2.560 
2.600 
2.260 
2.260 
2 .. 220 
2.190 
1.720 
1.740 
1.850 
1.780 
1.770 
1.150 
1.040 
0.915 
0.671 
0.783 
0.981 
0.591 
0.772 
0.762 
0.801 
0.663 
0·.553 
0.354 
0.289 
0.257 
0.208 
0.206 
0.197 
0.195 
0.194 
0.185 
0.184 
0.180 
0.152 
0.180 
0.177 
0.174 
0.173 
Date Time 
8/30100 
8/30100 
8/30100 
8/30100 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
8/30/00 
Rhodamine WT (/-lg/L) 
7:37 0'.172 
7:42 0.170 
8:07 0.166 
8:12 0,165 
8:15 0.165 
8:37 0.158 
8:42 0.158 
9:07 0.764 
9:12 0.763 
9:37 0.156 
9:42 0.155 
9:45 0.154 
10:07 0.150 
10:12 0.150 
10:37 0.149 
10:42 0.150 
10:45 0.151 
11:07 0.153 
11:12 0.155 
11:37 0.163 
11:42 0.164 
12:07 0.168 
12:12 0.170 
12:37 0.172 
12:42 0.175 
13:07 0.180 
13:12 0.182 
13:37 0.186 
13:42 0.187 
14:07 0.202 
14:12 0.206 
14:37 0.208 
14:42 0.207 
14:45 0.208 
15:07 0.200 
15:12 0.199 
15:15 0.211 
15:37 0.187 
15:42 0.187 
15:45 0.192 
16:07 0.175 
16:12 0.173 
16:15 0.172 
16:37 0.174 
16:42 0.166 
16:45 0.172 
17:07 0.168 
17:12 0.168 
17:15 0.168 
17:37 0.510 
17:42 0.828 
Date Time Rhodamine WT (Ilg/L) 
8/30/00 17:45 0.181 
8/30/00 18:07 0.156 
8/30/00 18:12 0.156 
8/30/00 18:37 0.156 
8/30/00 18:42 0.156 
8/30/00 19:07 0.157 
8/30/00 19:12 0.157 
8/30/00 19:37 0.160 
8/30/00 19:42 0.179 
8/30/00 19:45 0.210 
8/30/00 20:07 0.282 
8/30/00 20:12 0.268 
8/30/00 20:15 0.275 
8/30/00 20:37 0.305 
8/30/00 20:42 0.321 
8/30/00 20:45 0.363 
8/30/00 21:07 0.501 
8/30/00 21:12 0.531 
8/30/00 21:37 0.536 
8/30/00 21 :42 0.540 
8/30/00 21:45 0.219 
8/30/00 22:07 0.165 
8/30/00 22:12 0.165 
8/30/00 22:37 0.160 
8/30100 22:42 0.162 
8/30/00 22:45 0.160 
8/30/00 23:07 0.163 
8/30/00 23:12 0.164 
8/30100 23:37 0.163 
8/30100 23:42 0.160 
8/30/00 23:45 0.167 
8/31/00 0:07 0.218 
8/31/00 0:12 0.158 
8/31/00 0:15 0.156 
8/31/00 0:37 0.150 
8/31/00 0:42 0.151 
8/31/00 0:45 0.153 
8/31/00 1:07 0.162 
8/31/00 1 :12 0.158 
8/31/00 1: 15 0.154 
8/31/00 1 :37 0.151 
8/31/00 1:42 0.151 
8/31/00 1:45 0.150 
8/31/00 2:07 0.155 
8/31/00 2:12 0.153 
8/31/00 2:15 0.152 
8/31/00 2:37 0.155 
8/31/00 2:42 0.153 
8/31/00 3:07 0.155 
8/31/00 3:12 0.155 
8/31/00 3:37 0.155 
Date Time 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31100 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
3:42 
4:07 
4:12 
4:37 
4:42 
5:07 
5:12 
5:15 
5:37 
5:42 
5:45 
6:07 
6:12 
6:15 
6:37 
6:42 
6:45 
7:07 
7:12 
7:15 
7:37 
7:42 
7:45 
8:07 
8:12 
8:37 
8:42 
9:07 
9:12 
9:15 
9:37 
9:42 
9:45 
10:07 
10:12 
10:15 
10:37 
10:42 
10:45 
11: 15 
11 :37 
11 :42 
11 :45 
12:07 
12:12 
12:15 
12:37 
12:42 
12:45 
13:07 
13:12 
Rhodamine WT (llg/L) 
0.155 
0.156 
0.157 
0.157 
0.157 
0.444 
1.070 
1.900 
6.310 
6.490 
7.450 
10.100 
9.630 
11.600 
14.100 
14.400 
16.200 
17.100 
16.800 
16~ 700 
14.900 
14.000 
13.100 
11.200 
9.150 
6.880 
6.230 
4.300 
4.010 
3.750 
3.070 
2.860 
2.720 
2.070 
2.000 
1.970 
1 .. 650 
1.540 
1.350 
1.070 
0.868 
0.819 
0.812 
0.721 
0.677 
0.625 
0.493 
0.500 
0.477 
0.458 
0.444 
Date Time 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31100 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
13:15 
13:37 
13:42 
13:45 
14:07 
14:12 
14:15 
14:37 
14:42 
14:45 
15:07 
15:12 
15:15 
15:37 
15:42 
16:07 
16:12 
16:15 
16:37 
16:42 
16:45 
17:07 
17:12 
17:15 
17:37 
17:42 
17:45 
18:07 
18:12 
18:37 
18:42 
19:07 
19:12 
19:37 
19:42 
19:45 
20:07 
20:12 
20:15 
20:37 
20:42 
21:07 
21:12 
21:15 
21:37 
21:42 
21:45 
22:07 
22:12 
22:37 
22:42 
Rhodamine WT (Ilg/L) 
0.421 
0.398 
0 .. 393 
0.361 
0.333 
0.321 
0.309 
0.308 
0.275 
0.268 
0.250 
0.247 
0.237 
0.188 
0.182 
0.248 
0.209 
0.209 
0.233 
0.208 
0'.204 
0.170 
0.180 
0.186 
0.197 
0.203 
0.210 
0.250 
0.211 
0.218 
0.211 
0.214 
0.203 
0.204 
0.202 
0.206 
0.189 
0.196 
0.193 
0.333 
0.268 
2.800 
4.850 
5.950 
4.210 
2.930 
4.890 
5.650 
4.380 
3.590 
3.670 
Date Time 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
8/31/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
9/1/00 
22:47 
22:52 
22:57 
23:22 
23:27 
23:30 
23:52 
23:57 
0:22 
0:27 
0:30 
0:52 
0:57 
1:00 
1:22 
1:27 
1 :30 
1:52 
1:57 
2:02 
2:22 
2:27 
2:30 
2:52 
2:57 
3:00 
3:22 
3:27 
3:30 
3:52 
3:57 
4:00 
4:22 
4:27 
4:30 
4:52 
4:57 
5:00 
5:27 
5:30 
5:57 
6:00 
7:00 
Rhodamine WT (Ilg/L) 
3.440 
3.730 
3.530 
3.500 
3.780 
3.760 
3.170 
3.010 
3.490 
2.750 
2.130 
1.720 
1.800 
1.690 
1.570 
1.570 
1.490 
1.270 
1.190 
1.120 
0.967 
0'.935 
0.910 
0.896 
0.764 
0.738 
0.669 
0.628 
0.617 
0.564 
0.546 
0.519 
0.474 
0.460 
0.451 
0.402 
0.397 
0.394 
0.367 
0.354 
0.337 
0.323 
0.302 
APPENDIXM 
Twenty-four hour Sediment Oxygen Demand (SOD) data for samples collected on 9/27/00 at 
seven locations in Lake Ogallala. 
Latitude Longitude SOD (g/m 2/d) Location Notes 
41 12.700 101 38.952 0.555 between #11 band #14b 
41 12.750 101 38.976 0.411 near #11 b 
40 12.684 101 39.127 0.457 near #1 Ob 
41 13.000 101 38.801 1.026 between #9b and #12b 
41 12.902 101 38.596 0.726 near #12b 
41 12.498 101 38.121 0.301 near#18b 
41 13.287 101 39.834 0.569 station #5 in south basin 
APPENDIXN 
Twenty-eight day Biochemical Oxygen Demand (BOD) data for samples collected from 8/19/00 
to 9/1/00 in Lake Ogallala and Lake McConaughy. 
Olsen's Agricultural Laboratory, Inc. 
210 E. First St. IP.O. Box 370/ McCook, Nebraska 69001 
Office: 308·345·3670 / FAX: 308-345-7880 
Website: http://www.olsenlab.com 
TO: MONTE MADSEN 
NE GAME AND PARKS COMMISSION 
301 EAST STATE FARM ROAD, NORTH 
NORTH PLATTE NE 69101 
DATE REPORTED:10/3/2000 
LAB DATE DATE BIOCHEMICAL OXYGEN 
NUMBER SAMPLE IDENTIFICATION RECEIVED READ DEMAND - 28 DAY, mg/L 
10659 OGALLALA ST #4 BUOY LINE 8/19/2000 9/16/2000 7.62 
. 
10660 OGALLALA ST RG RIVER GATES 8/19/2000 9/16/2000 7.68 
10661 OGALLALA ST #CANAL GATES 8/19/2000 9/16/2000 6.04 
10669 OGALLALA ST#RG 8/25/2000 9/22/2000 8.18 
10670 OGALLALA ST #CANAL GATES 8/25/2000 9/22/2000 6.72 
10671 OGALLALA ST #4 BUOY LINE 8/25/2000 9/22/2000 13.16 
10673 OGALLALA 4-8/29-14-1800-5 8/30/2000 9/27/2000 8.40 
10674 OGALLALA BL-8/29-1257 -5 8/30/2000 9/27/2000 5.02 
10675 OGALLALA BL-8/29-2150-5 8/30/2000 9/27/2000 3.88 
10676 OGALLALA 3-8/29-2200-0200-5 8/30/2000 9/27/2000 6.36· 
10677 OGALLALA 3-8/29-0200-0600-5 8/30/2000 9/27/2000 5.56 
10678 OGALLALA 2-8/29-1430-1815-1 8/30/2000 9/27/2000 7.76 
10679 OGALLALA 1-8/29-1315-1700-1 8/30/2000 9/27/2000 5.03 
10680 OGALLALA 4-8/29-18-21 00-5 8/30/2000 9/27/2000 5.14 
10681 OGALLALA 2-8/29-1830-2215-1 8/30/2000 9/27/2000 4.14 
10682 OGALLALA BL-8/29-1547 -5 8/30/2000 9/27/2000 4.75 
10683 OGALLALA 3-8/29-14-1800-5 8/30/2000 9/27/2000 5.48 
10684 OGALLALA 3-8/29-18-2100-5 8/30/2000 9/27/2000 3.93 
10685 OGALLALA 1-8/29-1720-2105-1 8/30/2000 9/27/2000 5.92 
10686 OGALLALA BL-8/29-1850-5 8/30/2000 9/27/2000 4.63 
10687 OGALLALA 4-8/29-2200-0200-5 8/30/2000 9/27/2000 4.90 
10688 OGALLALA 3-8/29-18-2145-1 8/30/2000 9/27/2000 7.68 
10689 OGALLALA 4-8/30-0200-0600-5 8/30/2000 9/27/2000 5.78 
10690 OGALLALA 2-8/29-2230-0215-1 8/31/2000 9/28/2000 3.65 
10691 OGALLALA 4-8/29-1400-1800-5 8/31/2000 9/28/2000 4.86 
10692 OGALLALA 4-8/29-1000-1300-5 8/31/2000 9/28/2000 7.53 . 
10693 OGALLALA 3-8/29-1400-1800-5 8/31/2000 9/28/2000 5.99 
10694 OGALLALA 1-8/29-2220-0005-1 8/31/2000 9/28/2000 4.81 
10695 OGALLALA 3-8/30-2200-0100-5 8/31/2000 9/28/2000 8.45 
10696 OGALLALA 3-8/30-1 000-1300-5 8/31/2000 9/28/2000 6.24 
10697 OGALLALA 4-8/30-2000-0100-5 8/31/2000 9/28/2000 3.64 
10698 OGALLALA 3-8/30-0600-1 000-5 8/31/2000 9/28/2000 5.38 
10699 OGALLALA 1/2-8/30-1400-1600-1 8/3112000 9/28/2000 4.97 
10700 OGALLALA 3/8/30-0230-0630-1 8/31/2000 9/28/2000 3.57 
10701 OGALLALA 1-8/30-1010-125-1 8/31/2000 9/28/2000 8.80 
Olsen's Agricultural Laboratory, Inc. 
210 E. First St. I P.O. Box 370 I McCook, Nebraska 69001 
Office: 308-345-3670 I FAX: 308-345-7880 
Website: http://www.olsenlab.com 
TO: MONTE MADSEN 
NE GAME AND PARKS COMMISSION 
301 EAST STATE FARM ROAD, NORTH 
NORTH PLATTE NE 69101 
DATE REPORTED: 10/3/2000 
LAB DATE DATE BIOCHEMICAL OXYGEN 
NUMBER SAMPLE IDENTIFICATION RECEIVED READ DEMAND - 28 DAY, mg/L 
10702 OGALLALA 3-8/30-0230-600-1 8/31/2000 9/28/2000 4.62 
10703 OGALLALA 3-8/30-1800-2200-5 8/31/2000 9/28/2000 7.96 
10704 OGALLALA 2-8/30-615-10001 8/31/2000 9/28/2000 4.48 
10705 OGALLALA 2-8/30-1815-2100-1 8/31/2000 9/28/2000 4.16 
10706 OGALLALA BL-8/30-2157 -5 8/31/2000 9/28/2000 2.99 
10707 OGALLALA 1-8/30-0555-0955-1 8/31/2000 9/28/2000 7.52 
10708 OGALLALA 2-8/30-2115-0000-1 8/31/2000 9/28/2000 3.23 
10709 OGALLALA 1-8/30-1755-2040-1 8/31/2000 9/28/2000 4.39 
10710 OGALLALA 2-8/30-1015-1315-1 8/31/2000 9/28/2000 6.42 
10711 OGALLALA BL-8/30-1505-5 8/31/2000 9/28/2000 4.05 
10712 OGALLALA 3-8/30-0045-0215-1 8/31/2000 9/28/2000 4.07 
10713 OGALLALA 3-8/30-645-0215-1 8/31/2000 9/28/2000 3.89 
10714 OGALLALA 4-8/30-1800-2200-5 8/31/2000 9/28/2000 8.84 
10715 OGALLALA 3-8/30-1835-2120-1 8/31/2000 9/28/2000 4.54 
10716 OGALLALA 1-8/30-2055-2340-1 8/31/2000 9/28/2000 4.01 
10717 OGALLALA BL-8/30-1813-5 8/31/2000 9/28/2000 5.42 
10718 OGALLALA 3-8/30-2135-0020-1 8/31/2000 9/28/2000 3.76 
10719 OGALLALA B L -8/30-1220-5 8/31/2000 9/28/2000 1.60 
10720 OGALLALA 4-8/30-0600-1 000-5 8/31/2000 9/28/2000 4.56 
10721 OGALLALA 3-8/30-1575-1815-1 8/31/2000 9/28/2000 2.19 
10722 OGALLALA 3-8/30-11 00-1500-1 8/31/2000 9/28/2000 3.36 
10723 OGALLALA 3-8/31/-0200-0500-5 8/31/2000 9/28/2000 2.35 
10724 OGALLALA 3-8/31-0400-0630-1 8/31/2000 9/28/2000 2.71 
10725 OGALLALA 4-8/31-0200-0500-5 8/31/2000 9/28/2000 2.18 
10726 OGALLALA 3-8/31-0115-0345-1 8/31/2000 9/28/2000 2.59 
10727 OGALLALA 5A-8/31-1120-6 9/112000 9/29/2000 3.54 
10728 OGALLALA 1-8/31-033-0600-1 9/1/2000 9/29/2000 4.13 
10729 OGALLALA BL-8/31-2150-5 9/112000 9/29/2000 6.15 
10730 OGALLALA SA-8/31-1101-2 9/112000 9/29/2000 6.45 
10731 OGALLALA 3-8/31-0700-1230-1 9/1/2000 9/29/2000 3.59 
10732 OGALLALA 5-8/31-1155-2 9/1/2000 9/29/2000 3.88 
10733 OGALLALA BL-8/31-1810-5 9/112000 9/29/2000 5.64 
10734 OGALLALA 3-8/31-1315-1715-1 9/1/2000 9/29/2000 3.14 
10735 OGALLALA MCL-8/31-1453-39 9/1/2000 9/29/2000 16.78 
10736 OGALLALA 4-8/31-1400-1800-5 9/1/2000 9/29/2000 3.91 
Olsen's Agricultural Laboratory, Inc. 
210 E. First St. I P.O. Box 370 I McCook, Nebraska 69001 
Office: 308·345·3670 I FAX: 308·345·7880 
Website: http://www.olsenlab.com 
TO: MONTE MADSEN 
NE GAME AND PARKS COMMISSION 
301 EAST STATE FARM ROAD, NORTH 
NORTH PLATTE NE 69101 
DATE REPORTED: 10/3/2000 
LAB DATE DATE BIOCHEMICAL OXYGEN 
NUMBER SAMPLE IDENTIFICATION RECEIVED READ DEMAND - 28 DAY, mg/L 
10737 OGALLALA 3-8/31 -1 900-21 00-5 9/1/2000 9/29/2000 4.72 
10738 OGALLALA 2-8/31-1730-2315-1 9/1/2000 9/29/2000 4.42 
10739 OGALLALA 2-8/31-0345-061 5-1 9/1/2000 9/29/2000 3.35 
10740 OGALLALA 1-8/31-0045-0315-1 9/1/2000 9/29/2000 3.92 
10741 OGALLALA MCL-8/31-1542-15 9/1/2000 9/29/2000 1.11 
10742 OGALLALA MCL-8/31-1556-12 9/1/2000 9/29/2000 2.94 
10743 OGALLALA 8-8/31-1227-5 9/1/2000 9/29/2000 4.99 
10744 OGALLALA 3-8/31-1400-1 800-5 9/1/2000 9/29/2000 3.98 
10745 OGALLALA 5-8/31 -1140-8 9/1/2000 9/29/2000 2.86 
10746 OGALLALA 4-8/31-0600-1 000-5 9/1/2000 9/29/2000 2.96 
10747 OGALLALA 3-8/31-0600-1 000-5 9/1/2000 9/29/2000 4.43 
10748 OGALLALA 2-8/31-0645-12301 9/1/2000 9/29/2000 7.30 
10749 OGALLALA 5-8/31-1134-5 9/1/2000 9/29/2000 4.26 
10750 OGALLALA 5A-8/31-11 00-5 9/112000 9/29/2000 5.97 
10751 OGALLALA 5-8/31-1150-4 9/1/2000 9/29/2000 6.53 
10752 OGALLALA 8-8/31-1215-5 9/1/2000 9/29/2000 7.43 
10753 OGALLALA BL-8/31-1223-5 9/112000 9/29/2000 6.29 
10754 OGALLALA 3-3/31-1745-2330-1 9/1/2000 9/29/2000 4.48 
10755 OGALLALA MCL-8/31-1528-30 9/1/2000 9/29/2000 19.94 
10756 OGALLALA 8-8/31-1220-3 9/1/2000 9/29/2000 9.70 
10757 OGALLALA 7-8/31-1220-8 . 9/1/2000 9/29/2000 5.54 
10758 OGALLALA 7,..8/31-1242-2 9/1/2000 9/29/2000 6.85 
10759 OGALLALA 7-8/31-1223-5 911/2000 9/29/2000 7.08 
10760 OGALLALA MCL-8/31-1505-37 9/1/2000 9/29/2000 15.28 
10761 OGALLALA 3-8/31 -11 00-1300-5 9/1/2000 9/29/2000 2.97 
10762 OGALLALA 5-8/31-1145-6 9/1/2000 9/29/2000 4.07 
10763 OGALLALA B L -8/31 -151 0-5 9/1/2000 9/29/2000 5.23 
10764 OGALLALA 8-8/31-1210-7 9/1/2000 9/29/2000 4.83 
10765 OGALLALA 7-8/31-1233-6 9/1/2000 9/29/2000 4.85 
10766 OGALLALA MCL-8/31-1558-13.5 9/1/2000 9/29/2000 2.95 
10767 OGALLALA MCL-8/31-1542-1 9/1/2000 9/29/2000 3.76 
10768 OGALLALA 5A-8/31-1125-8 9/112000 9/29/2000 3.24 
10769 OGALLALA 2 -8/31-01 00-033-1 9/1/2000 9/29/2000 2.68 
10770 OGALLALA MCL-8/31-1551-6 9/1/2000 9/29/2000 3.02 
10771 OGALLALA 8-8/31-1225-1 9/1/2000 9/29/2000 8.52 
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10772 OGALLALA M C L -8/31 -151 7 -34 9/1/2000 9/29/2000 18.40 
10773 OGALLALA 5A-8/31-11 05-4 9/1/2000 9/29/2000 1.73 
10774 OGALLALA 7-:8/31-1237-4 9/1/2000 9/29/2000 2.08 
10775 OGALLALA 1-8/31-615-1200-1 9/1/2000 9/29/2000 3.96 
10776 OGALLALA 4-8/31-1900-21005 9/1/2000 9/29/2000 6.72 
10777 OGALLALA 3-9/1-0015-0600-1 9/1/2000 9/29/2000 3.68 
Twenty-eight day biochemical oxygen demand (BOD) data for samples analyzed by 
UNL. 
Sample Code mg/L 
3-911-0100-0500-S 4.49 
4-9/1-0100-0500-S 4.15 
3-9/1-2200-0100-S 6.26 
4-9/1-2200-0100-S 7.22 
APPENDIX 0 
Six, 12, and 24 hour Immediate Oxygen Demand (lOD) data for samples collected from 8/29/00 
to 8/31100 in Lake Ogallala and Lake McConaughy. 
Sample Code 6-hr 100 12-hr 100 24-hr 100 
BL-8/29-1257-2 1.61 1.91 2.52 
BL-8/29-1549-2 1.66 1.85 2.41 
BL-8/29-1851-2 1.36 1.74 2.37 
BL-8/29-2153-2 0.47 0.83 1.45 
BL-8/30-1225-2 1.89 2.35 2.87 
BL-8/30-1507 -2 2.33 2.84 3.26 
BL-8/30-1815-2 2.00 2.71 3.04 
BL-8/30-2200-2 0.78 1.00 1.51 
BL-8/31-1220-2 1.52 1.85 2.33 
BL-8/31-1511-2 1.48 1.70 2.36 
BL-8/31-1815-2 1.22 1.64 2.56 
BL-8/31-2156-2 0.50 0.85 1.03 
MCL-8/31-1608-15 0.00 0.00 0.22 
MCL-8/31-1610-30 3.47 3.68 4.95 
MCL-8/31-1615-34 3.66 3.83 5.39 
MCL-8/31-1622-37 2.72 2.74 4.14 
MCL-8/31-1626-39 2.42 2.41 3.82 
